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LETTER OF TRANSMITTAL. 



Department of the Interior^ 
United States Geological Survey, 

Division of Hydrography, 

Washington, July 9, 1896. 

Sir: I have the honor to transmit herewith a paper entitled '^Pamp> 
ing water for irrigation," by Herbert M.Wilson, geograi)her, and to recom- 
mend that it be published as the first number of the series of pax)er8 
<4n relation to the gauging of streams and to the methods of utilizing 
the water resources," whose printing was authorized in the act making 
appropriations for sundry civil expenses of the Government for the 
fiscal year ending June 30, 1897, approved June 11, 189G. 

Very respectfully, 

F. H. Newell, 

Hydrographer in Charge, 
Hon. Charles D. Walcott, 

Director United States Geological Survey, 
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PREFACE. 



This pai>er by Mr. Wilson is the first of a proposed series of publica- 
tions relating to water supply and irrigation. The object in view in 
undertaking a new series is to afford an opportunity for prompt publi- 
cation of short reports, generally popular in character, relating to the 
water resources and the methods of utilizing these, with especial ref- 
erence to the employment of water in agriculture. To reply to ques- 
tions arising in various parts of the country regarding the progress of 
the investigation of the water resources and the facts relating to the 
available supply of water for irrigation, power, or domestic use, it is 
necessary to have pamphlets which can be scDt out freely, and which, 
in order to answer the particular needs of individuals or communities, 
will not be too general in character. The series of bulletins issued by 
the Survey would serve as such means of communication were it not 
for the fact that by law these must be sold, and thus can not be used for 
official purposes or for placing the information acquired by investiga- 
tion at once in the hands of the persons seeking to know the facts. By 
the law authorizing this new series it is possible for the Survey to dis- 
tribute these papers to correspondents and to the numerous volunteer 
assistants who at one time or another have kindly aided by replying 
to letters of inquiry or schedules asking for specific data. Without 
such opportunities for distribution of small publications the officers of 
the Survey are placed in an embarrassing position, from the fact that 
they are compelled to ask favors in the way of statements and data of 
various kinds and are yet unable in general to more than thank the 
persons who have freely given their time to the prei>aration of letters 
and the filling out of blanks. Even when these persons have asked for 
a copy of the publication embodying the information which they have 
furnished, it has not been possible for a bulletin to be sent unless paid 
for by some member of the Survey. 

Arrangements have been made lor following this paper with others 
at short intervals treating of various subjects relating to the hydrog- 
raphy of the country and to details such as storing, pumping, and 
other processes of utilizing the waters. The following topics will prob- 
ably be covered during the year: Measurements of Western streams j 
measurements of Eastern rivers; Northeastern water power; South- 
eastern water power; water supply of portions of Indiana and Ohio; 
artesian conditions of eastern Nebraska; underground water sui^ply of 
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12 PREFACE. 

a portion of western Kansas; recent progress in artesian developments 
and irrigation in the Dakotas; artesian conditions of eastern Wash- 
ington and portions of Idaho and Oregon; irrigation in the Salt Biver 
Valley of Arizona; methods of irrigation in Galifomia; seepage waters 
from irrigation; water storage in a portion of Wyoming; well waters of 
Nebraska; efficiency of windmills for irrigation; sewage irrigation, etc. 

The data upon which these and other pai>ers are based are being 
obtained largely throagh the field work of the Division of Hydrog- 
raphy, supplemented by correspondence carried on by means of sched- 
ules. Whenever practicable, arrangements are made with experts in 
various parts of the country to bring together the facts in their posses- 
sion, rounding these out with additional investigation and preparing 
reports embodying this matter. Every effort is made, however, to 
preserve the distinctive character of an investigation and to push for- 
ward the work in directions where it is impossible for the individual 
to proceed unaided. It is not intended to bring together simply a lot 
of obvious facts and inferences relating to the water resources of the 
country, but to extend the bounds of knowledge in directions where 
exact information will have the greatest future value. It should be 
recognized that progress in new fields can never be so rapid as trav- 
eling over the old paths. It is only by bringing together clearly and 
concisely what is already known and building upon this that progress 
can be made in the utilization of the water resources of the country. 

In the following paper by Mr. Wilson a general description is given 
of pumps and motive powers, and of windmills, water wheels, and 
various kinds of engines, noting the more important of these. The 
conditions surrounding the raising of water vary so widely that it 
is obviously impracticable to designate any one method as better than 
others, and a machine or device which to a man from one part of the 
country seems utterly useless may meet the requirements of some other 
locality. Mr. Wilson has therefore described, and in a few cases 
figured, devices which^ while possessing no general applicability, yet 
contain suggestive features. It is not to be exi)ected, for example, that 
in any part of the country human labor will be employed to any consid- 
erable extent in raising water, as is the case in Egypt, India, and other 
parts of the world; but the simplicity of the methods commend them- 
selves, and a mention of these may serve to stimulate some inventive 
genius to make a x)ractical application suitable for local needs. It is 
surprising to note how often the devices for raising water which in 
themselves are older than any written language have been reinvented 
and applied by the irrigators of the West. Again and again has the 
attention of the hydrographers of the Survey been called to the home- 
made devices for raising water based upon the principle of the Egyp- 
tian water wheel, or noria, or of the Persian bucket pump. These have 
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been devised by men who have considered the idea original with them- 
selves, and could with difficulty be persuaded that their pet invention 
was old in the days of the Pharaohs. 

In a new and rapidly developing country, such as the arid region^ 
where methods of raising water for agriculture are constantly being 
modified and improved, it is desirable to have in mind all of the ways 
which have been found of value in the past. This pamphlet can by no 
means mention all or even a small part of these, being considered only 
as preliminary to more extended discussions. It is hoped that through 
the investigations of the Division of Hydrography a considerable body 
of accurate figures can be obtained concerning the methods and machin- 
ery for pumping large quantities of water now being put into operation. 
It may be interesting to note in this connection that as machinery is 
being modified to suit the requirements of lifting a large amount of 
water through a relatively small vertical distance, and at the least prac- 
ticable expense, there is a tendency to return to the simple forms used 
by the primitive agriculturist, adapting these to modem machinery. 
For example, affcer trying all the complications of valves and pistons, 
of tight joints and complicated motions, designers of machinery are in 
some instances turning back to the old simple Persian wheel, which 
lifts water in buckets with the minimum of friction and of load to be 

raised. 

F. H. K 



PUMPING WATER FOR IRRIGATION, 



Bt Hebbbbt M. Wilson. 



INTRODUCTORY. 

Until within the last decade the water supplies used in irrigation 
in oar Western States were brought to the places of atilizatioii almost 
wholly by gravity. There are, however, large volumes of water situated 
at such low levels that gravity will not carry it to the fields, and only in 
recent years have we come to a realization of the fact that this water 
may be raised by pumps or other lifting devices to elevations from 
which it will flow by gravity to the irrigable lands. 

Extensive areas may be brought under cultivatiou through pumping 
alter the supplies which gravity alone will bring have been entirely 
atilized. Not only is the water which may be raised from wells or low- 
lying streams available, but that which finds its way by seepage from 
irrigation canals and irrigated lands may be gathered into wells and 
pmnped to the surface and again employed in irrigation. For, as irri- 
gation is practiced, the subsoil becomes saturated, the ground-water 
level is raised, and much of the water delivered to the surface by 
gravity systems finds its way by seepage from the fields into the soil 
and may through pumping be used again in irrigation, thus adding to 
the duties of the ultimate sources of water supply. 

The value of pumping for such purposes has been recognized for ages 
in the older European and Asiatic countries, and a large portion of the 
irrigation in Europe, India, Egypt, China, and Japan is carried on by 
such means. In Oriental countries pumping is performed almost 
wholly by animal or man power. In some portions of Europe, notably 
in Italy, some pntnping is done by modern machinery, chiefly in raising 
water from existing low-level to high-level canals. In our own country 
numerous pumping plants actuated by wind, gasoline, water, and steam 
I)0wer8 have been erected within the last few years, and they have 
proved so efBlcient and economic as to at once gain favor with Western 
irrigators. 

The real value of pumping as a means of irrigation, and the extent 
to which it may be employed, are as yet scarcely api)reciated. A great 
many windmills and some water wheels are utilized in our Western 
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16 PUMPING WATEB FOB IRBIGATION. ["o-t 

States for this parpose, and a little pumping is done by steam and 
gasoline. But the value of the water supplies to be derived from 
lifting is sure to increase greatly as the cheapness and adaptability of 
this method come to be fully recognized. It is now a well-established 
fact that pumping occasionally furnishes irrigation water more cheaply 
than does gravity, both as regards first cost of the pumping plants 
equivalent to the cost of water rights, and as regards the cost of 
maintenance and operation, which corresx>onds to the annual water 
rental or rate in the gravity system. In pumping, the source of water 
supply is more directly under the control of the irrigator, while he is 
troubled by none of the vexatious controversies arising from questions 
of priority of right or of water appropriation, of time of supply, and 
of rotation in the ditches; nor is he so likely to have his supply cat 
down in seasons of drought. 

According to the figures given by F. H. Newell in the rejwrt on 
Agriculture by Irrigation, x)repared for the United States census of 
1890, the average first cost of water derived from gravity supplies for 
the whole United States was $8.15 per acre, varying between $3.62, the 
average for Wyoming, and $12.95, the average for California. The aver- 
age annual water rental was $1.07 per acre, ranging between 44 cents 
in Wyoming and $1.00 in California. The average cost per second-foot 
of water on account of construction of some of the great gravity canals 
of the West, and based on the assumption that their whole supply was 
utilized, varied between $125 for the Bear River Canal, Utah, and $730 
for the Turlock Canal, California. The cost per acre irrigated for the 
same works varied between $5 for the Bear Eiver Canal and $14.50 for 
the Turlock Canal. The average cost per acre irrigated by some of the 
greater of the storage reservoirs of the West varied between $19.96 
for the nemet Valley Reservoir in California and $81.80 for the Sweet- 
water Reservoir in California. 

On the other hand, numerous windmill pumping plants have been 
erected in the West, the first cost of which is equivalent to a charge of 
about $20 per acre irrigated, or less, while the cost of maintenance, 
equivalent to annual water rental, is practically nil. Ilydraulic rams 
have been utilized in pumping for irrigation at a cost of about $10 per 
acre irrigated, with practically no charge for maintenance and oper- 
ation. Gasoline pumping engines are extensively used in the West, 
the first cost of which has been equivalent to abftut $30 per acre 
irrigated, with a cost of operation of $1.25 per acre. Water-power 
pumping plants have been erected in the West at costs ranging from 
$1 to $15 per acre irrigated, and with operating charges varying 
between $1 and $2.50 per acre. Of steam i)umping plants so far 
erected in the West the cost has ranged from $5 to $10 per acre irri- 
gated, with an operating charge of from $1.50 to $3 and upward per 
annum per acre irrigated. 

As an indication of the extent to which pumping, even in the crudest 
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formSy may be utilized, either to supplement gravity supplies or inde- 
pendently of them, it may be stated that in one small area in India, 
between the Ganges and Jumna canals, there are over 350,000 wells 
supplying water by lifting to 1,500,000 acres of crops. In Madras, 
India, 2,000,000 acres are irrigated by water pumped from 400,000 wells. 
In one small province in southern India there are over 100,000 wells, 
many of which have been sunk through hard rock to depths of from 80 
to 90 feet and are capable of irrigating in ordinary seasons from 1 to 
4 acres each. In our own country, on the great plains sloping eastward 
from the Bockies and on many of the broader intermontane valleys 
and in the great California valley, wherever the wind is comparatively 
constant and of relatively high velocity, vast areas of land may be 
brought under cultivation through irrigation by water lifted from wells 
by means of windmills. In like manner, streams which are flowing 
between steep banks may not only furnish water supplies for irrigation 
by means of pumping, through wind, steam, or gasoline x>ower, but, if 
of sufficient size, may furnish water power for lifting. The extent to 
which water supplies are tx) be derived from such sources is yet difficult 
to eBtimate, but it is certainly within tbe realm of probability that 
eventually nearly one-half as much area may be brought under culti- 
vation through lift as through gravity supplies. 

PUMPS AND MOTIVE POWERS. 

PnmxM are machines for elevating water, and they may be divided 
into two principal parts: the pumping or water-elevating device, and 
tbe power by which this is operated. Pumps, as such, may be divided 
into four general classes, according to the principle on which they 
raise water, namely: (1) lift pumps, (2) force or plunger pumps, (3) 
rotary and centriftigal pumps; (4) mechanical or siphon elevators. 
The principle of lift and force pumping may be combined in one mech- 
anism, and this may be either reciprocating or rotary, or it may be 
single or double acting. 

The motive power may be derived from one of the six following 
sources, namely: animal, wind, water, hot air, explosive force of gas, 
and steam. Force, lift, and centrifugal pumps and mechanical elevators 
may be operated by almost any one of the various motive powers. 
Distinguished from these are three additional classes of pumping 
mechanisms, in which the motive power and the pump are inseparable. 
These are (1) injectors, vacuum pumps, and pulsometers, in which 
steam is the motive power; (2) hydraulic rams and hydraulic engines, 
in which water is the motive power; and (3) siphons and siphon eleva-, 
tors, in which atmospheric pressure is the motive power. 

Lift pumps operate by drawing water through a suction pipe as the 
pump bucket ascends; as the bucket descends the water is forced 
through a valve in it, and is then lifted as it reascends. This variety of 
6296 2 
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pump is dependeut for its operation on atmospheric pressure for the 
creation of a partial vacuum below the pumi) bucket. 

Force pumps draw water through a suction pipe as do lift pumps, but 
to less heights, and the water is raised above the bucket by the action 
of a piston or plunger which forces it through a delivery valve. Force 
pumps may be single or double acting, and nearly all steam pumps are 
of the latter variety, the discharge of these being i)ractically contin- 
uous, for as the water is drawn in at one end it is forced out at the other. 

Centrifugal pumps depend for their action on a disk to which are 
attached propeller blades revolving inside a chamber. These propellec 
blades create a i)artial vacuum which lifts water, though but a few feet, 
into the chamber by suction, whence it is forced by the followinjjT pro- 
peller blade. Rotary pumps are practically revolving piston pumps^ 
differing from the latter chiefly in that the ])ropeIling piece moves for- 
ward continuously. 

Mechanical water elevators include not only the various patented 
devices by which water is raised by means of disks or buckets arranged 
on a revolving chain, but also the various ancient mechanisms employed 
in oriental lands for lifting water from wells. Among these are chain 
pumps, Archimedean screws, the tympanum, Persian wheel, nori:i, the 
latha or basket, the doon, the lat or paecottah of India, which is the 
shadoof of Egypt, the mot, and numerous other curious devices. 

All the motive powers except wind may be used to operate any of the 
various classes of pumps. Ordinarily, however, animal power is used 
to operate the lighter forms of pumping machinery which are intendt^l 
to elevate small quantities of water, and the common lift and force 
pumps and mechanical elevators of various kinds. Wind is employed 
almost exclusively for the operation of lift and force pumps, as it is too 
uncertain in its action to work w^ell with ordinary centrifugal pumps 
or many forms of mechanical elevators. 

The varicms motive powers may be divided into two general classes, 
according to the manner in which they are attaclied to the i)ump8. 
These are (1) direct-acting pumps; (2) fly-wheel and belting pumps. 

Direct-acting pumps have, as a rule, no rotary motion, their action 
being reciprocating, both steam and water cylinders being mounted on 
a solid bed plate, so that the piston rod, which produces the power, has 
attached to it the plunger which elevates the water. Fly-wheel pumps 
may be direct-acting pumps or they may have the motive power at some 
distance from and independent of the elevating pump and be connected 
therewith through shafting or belting or some other mechanical device. 
The latter forms are usually not so satisfactory or reliable in their opera- 
tion where used for irrigation, as they generally require more skilled 
attendance than do direct-acting pumps, though, on the other hand, 
their efficiency is often higher. 

In the choice of pumping machines the irrigator should consider, 

among other things, the motive power which is most available and 

tapest for his purposes, and the quantity and accessiblity of his water 
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supply. Having gotten from these consideif^tions an idea of the general 
form of pumping machine which will best suit his purposes, he will do 
well either to consult a mechanical or an irrigation engineer or, if the 
extent of his enterprise will not warrant this, to obtain advice from 
various makers of the form of pumping machine which he anticipates 
using. These persons will furnish him with details of cost and assist 
him to select the variety of machine best suited to his purpose, and he 
will thus be able to choose the most economic and efficient apparatus. 

The pump and motive power which are to be employed in each par- 
ticular case depend on the service to be performed and on various local 
modifying conditions. The variety of pump must be chosen according 
as greater or less volumes are to be elevated to greater or less heights. 
The motive power must be selected according to the i)ump chosen, the 
work to be done, and the fuel available, be this animal, air, water, gaso- 
line, wood, or coal. Where means are limited and the area to be irri- 
gated is small, the motive power chosen will usually be either animal or 
water. The first is cheapest of installation, but least economical, and 
the latter is next cheapest, providing a sufficient water supply is avail- 
able for the operation of an ordinary mid-current undershot wheel, a 
Doria, or a hydraulic ram. Where the area is small but the means at 
the disposal of the irrigator are less limited, animal power will usually 
be left out of consideration, and the choice will rest between wind, 
water, hot air, gasoline, and steam pumping engines. If the wind be 
reasonably steady and the facilities for the construction of a storage 
tank be good, wind motors, though not less expensive to install than 
some others, and not the most reliable, are least expensive and trouble- 
some to maintain and operate. Where water is abundant, it furnishes, 
through water wheels, turbines, or water engines, the next least expen- 
sive power to maintain and operate, though not the cheapest to install. 
The class of water motor selected will depend wholly upon the fall and 
volume of motive power available and the height to which the water is 
to be raised. Hot-air and gasoline engines furnish the most reliable 
power for pumping water, and are less difficult to operate than steam 
engines. Gasoline engines are especially economical where coal or 
wood are expensive, though hot-air engines have a wide adaptability in 
the variety of fuel which they may utilize. Steam engines, where coal 
is cheap, furnish the most satisfactory motive power, but are generally 
not so economical to operate, especially where small areas are to be irri- 
gated. For the pumping of large volumes, water and steam are the 
only competing motive powers. 

The irrigator who proposes installing a pumping plant should consider 
all the various circumstances which affect the case under consideration. 
He should carefully weigh the necessity of having a permanent and 
steady supply, the inaccessibility of the plant for repairs or replacement 
of broken parts, the relative cost and accessibility of different kinds of 
ftiel or of water, and the degree of intelligence and skill possessed by 
those who are to operate the machine employed. 
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animaL motive powers. 

Among the oldest and best known of these ia the commok domestic 
well sweep, which is the paecottah of loilia {6g. 1) and the shadoof of 
Egypt. In India this is operated by from one to two men who labor 
from six to eight boars daily and by its ase raise fh>m 1,000 to 3,000 




Via, l^RalsIng «! 



<y panotuh. 



cabio feet per day, Thi^ apparatus is asnally employed for but small 
lifts of from 5 to 1^ feet, ttiough aiider the name of shadoof in Kgypt 
it is commonly employed for much greater lifts by using a series of sev- 
eral sweeps arranged one above the other, as illustrated in fig. 2. By 
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the latter means three men will irrigate from 2 to 4 acres a season. 
The average cost of irrigation by this means has been catimuted in 
central India to be about $5 |>er acre irrigated. The paecottab cODSists 
essentially of a leathern or earthen bucket huug from the tight end of 
a pole which is pivoted near its farther extremity and oscillates in a 
vertical plane, the short end of the pole being counterbalanced by a 
weight, so that the bucket when fall requires but little force to raise it. 
The man working this isoutrtvance stands on the edge of the well aud 
uses his weight to depress the bucket into the water, whence It is raised 
largely by the force of the counterweight and the water is delivered 
into a small diteh which leads it to the irrigable fields. 

Others of the mechanical devices employed in India for utilising man 
power to lift water are the latha, or basket (fig. 3), and the doon (fig. 1). 




AA Used i^Sip 



The former is used for very small lifts of tVom 2 to 4 feet, and is o|)erated 
by swinging the basket backward and forward in such manner that in 
swinging in one direction it dips into the water and is fllleil, and on its 
return to the farther end of its oscillation it is skillfully twisted so as to 
throw the water into a ditch. This apparatus is always operated by two 
men aud is estimated to be capable of lifting 20,000 cnbic feet of water 
1 foot in height in ten hours, and tho cost of its o|>eration in India ia 
estimated to average $3 |ier acre irrigated, though this figure is doubt- 
less too low. The doon is likewii^e used for very small lifts, and con- 
sists of an oscillating trough ' pivoted near its center, so that one end 
is alternately pressed into the water aud raised above the level of 
delivery, the water flowing from the other end into the ditch. The 
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wiplit »*f iln> Wiiror in imrtly baliHiceil by iv comiterpoise, so that the 
man who stim.l.iovcr tlio wntt>r on the pliuik can depreas the end nf 
the iliHni iniii tlio stream by liid I'lWt. ami tbcii by stepping uiwii the 
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tacle. This is raised by two bullocks walking away with the rope clown 
ail iueline, and thus drawing the bueket to the top of the well, wliere 
it is emptied into a distributing ditch. These animals are fre(iuently 
so well trained that after reach hig the bottimi of their walk they return 
backward and at quite a rapid rate up the slope, while at other times 
they are trained to turn around and walk forward up the slope, again 
turning as they reach the top. The mot is frequently employed in lift- 
ing water from depths as great as 40 to 50 fc(»t. It is operated by one 
or two men, according to the mode of construction of the w^ater bag. 
In some cases this has to be emptied by one man standing at the well 
cnrb while another drives the bullock; in other cases the bag is 
emptied automatically by an ingenious atta(*.hment of the rope to an 
opening at its lower end, and one nicin only is emph)yed, to drive 
the animals. With the mot it is estimated that two bullocks work- 
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Becantly there have been patented in this country a nnmberof adap- 
tationsof the Persian wheel, skillfally designed and constructed in sncb 
maoner as to be more efficient than the ancient oriental device. One 
of these conHists of large metal buckets hung on heavy linked chains 
which revolve over the vertical wheel and dip into the source of water 
supply beneath. This wheel is operated by iron-cogged gearing, tamed 
by sweeps to which one or more draft animal.'; are attached (fig. 7). 
These wheels have capacities varying from 500 cubic feet per hoar for one 
horse to 2,000 cnbic feet per hour for four horses for a depth of 2(t feet, 
and their first cost ranges between $200 and $500. There are also on 
the market in this coantry a number of mochanioal devices for atilizing 
animal power in pomping, conuisting of various forms of sweeps to be 
operated by horses walking in a circle or by treadmills for utilizing 
horse, bullock, or sheep power tbroogh gearing and shafting. Most of 




these are simple in construction and operation and are not liable to grt 
out of order. They fumi-sli motive |iower usually for lifting water by 
means of mechanical elevators or force or centrifugal pumps, and are, 
with thoir pumps, capable of lifting snfiicient water with a two-horse 
device to irrigate from 2 to 5 acres per season, wbilo this amount 
could be lit least doubled if a storage tank of sufficient capacity were 
provided for retaining water during i)eriods when not wanted for iuiate- 
diate use. 

An ingenious device for lilting water by man power is the double 
zigzag balauce of Asia Minor and Egypt. Tliis contrivance (flg. 8] 
cousists of a double series of woodf^n troughs or gutters, tbe extremi- 
ties of which are fastened und rise one above tlie other at an acate 
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angle. At the jooction of eaob pair of truaghs are placed wooden 
valves to prevent the return of water. This balance is siiBi>ended at 
its npper end on a level with the irrigating ditch, and is caused to 
oscillate abont this as a center, much as does a pendulum, the motion 
being produced by a couple of men pulling on ropes. The lower ends 
of the troughs dip iuto the stream from which the water is to be liited, 
and at every oscillation each series of troughs empties its water into 
that immediately above, until it is finally lifted to the summit of the 
balance, whence it is discharged into the irrigating ditch. 




WINDMILLS. 
Irrigating water is now beiug exteuaively pumped by windmills in 
various imriions of the West, notably in the Sun Joii(|uiii Valley of 
California, in Kansas, Nebraska, and the Dakotas, aud elsewhere on 
the Great Plains east of the Bocky Mountains. T'ntil recently wind- 
mills have been mo»t extensively employed for pumping water for 
domestic use, but as water supplies for iiTiRation have become suarcer, 
and as practical farmers liave come to Jijipreciate thevalue of irrigation! 
tbeybave in seeking new water supplies resorted quite extensively to 
windmills as motive powers for pumping water. The chief objection 
to windmills for this jmrpose is tliat they are dependent upon the force 
and regularity of wind for their operation, and ^a a result they do ndt 
urnish as steady and reliable a iwwer as do water, steam, and other 
agents. This objection is, Imwever, not serious on the Great Plains 
between the Rocky Mountains and the MissLssippi liiver, especially if 
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storage reservoira are employed as an adjunct to the mills, for in that 
region there is, thronghoat most seasons, a safflciently steady and power- 
flil wind to keep the wind wheels constantly tarning. In other portions 
of the West the winds are less certain in their action, and may fiul the 
farmer at the very time when he is nmat in iieeA of a water supply. 
Windmills are too frequently employed to pump water lor irrigatiou 
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either from the uncertain snpplies derived from drive wells or withont 
the aid of a storage tauk or resprvoir in which to retain the atirplns 
pumped at such times as it in not ntitixetl in irrigation. As a result the 
supplies which they furnish are insnffloient and nnsteady, and this ha* 
led to their coudeiuuatiou. The fault in such cases has not been with 
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) mill bat with the aser. In order to obtain good resolts from wind- 
Us they should not be used where the wind is uncertain and shifting, 
in connection with a poor pump, or where a wat^r supply equal to 
iiT full pumping capacity is not available; and they should invari- 
ly be supplemented by an ample storage reservoir. 
The wind may blow at any time during the twenty-four hours, and 
no more likely to blow in the daytime than at night, when water is 
t used in irrigating the fields. It is also likely to be as active at sea- 
ls when irrigation is not in progress and during the late winter and 
ring months as when water is being run upon the fields. For secur- 
, theretbre, and in orjder to irrigate a reasonable area from a pump of 
ren capacity, ample storage room should be provided for the water 
lich can be pumped during several weeks. This storage room may 
obtained by using one of the various forms of elevated wooden 
iks supplied by windmill makers; or, better, if the windmill can be 
tated at a high point on the farm an artificial reservoir may be con- 
iicted of earth at this point and be suitably lined with earth puddle 
asphaltum. It should, if possible, be sheltered from the sun by a 
)f, so as to decrease losses by evaporation. Such a storage reservoir 
n easily be given sufficient capacity to retain a much larger volume 
water than can economically be stored in a wooden tank. 
rhe amount of work which a windmill will perform depends on the 
ce and steadiness of the wind, the size of the wind wheel, its design 
d construction, and its location. An average wind velocity of not 
8 than 6 miles per hour is required to drive a windmill, and, on 
average, winds exceeding this velocity are to be had during eight 
ars per day; hence, about two-thirds of the total wind movement is 
ailable for work. According to reports of the United States Weather 
ireau, the average wind movement of the entire country is about 6,000 
les per month, or over 8 miles per hour. These averages are some- 
lat exceeded in Dakota, where the hourly velocity is from 10 to 12 
les, as it is in Nebraska, Kansas, and neighboring States, while they 
) too great for some other portions of the arid West. The following 
>le gives roughly the force of the wind for ordinary velocities: 



Table L — Wind relocittf and power. 



MUes 

per 

hour. 



6 
10 
15 
20 
25 



Velocity In 
fe«t pel 
second. 



8.8 
14.7 
22.0 
29.3 
36.7 



PreflAore 

per 

Aqnare foot, 

in ponndH. 



.1 



.5 



1.1 
2.0 
3. I 




30 
35 
40 
45 
50 



Velocity in 
feet per 
second. 



44.0 
51.3 
58.7 
66.0 
73.3 



Pressure 

I)er 

square foot, ] 

in ]>ound8. 



I 



4.4 

6.0 

7.9 

10.0 j 

12.3 
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Table II, which is derived from Mr. A. R. Wolflfs treatise on the 
windmill,^ and is based on scattered data of actual performances, 
shows the capacity of a windmill having various diameters of wheels 
with an assumed average velocity of wind of 16 miles per hour and 
working eight hours per day. 

Table II. — Capacity of windmill. 



Size of 
wlieel, 
in feet. 


Revolations 
of wheel. 


Galium 


B of water 
50 feet. 


raised per 


minute to 


an elerati 


on of — 
200 feet. 


nurse- 
power de- 
veloped. 


25 feet. 


75 feet. 


100 feet. 


ISOfoet. 


10 
12 


60 to 65 
55 to 60 


19.2 
33.9 


9.6 
17.9 


6.6 
11.8 


4.7 
8.5 




0.12 
.21 


6.7 




14 


50 to 55 


45.1 


22.6 


15.3 


11.2 


7.8 


5.0 


.28 


16 


45 to 50 


64.6 


31.6 


19.5 


16.1 


9.8 


8.0 


.41 


18 


40 to 45 


97.7 


52.2 


32.5 


24.4 


17.5 


12.2 


.61 


20 


35 to 40 


121.9 


63.7 


40.8 


31.2 


19.3 


15.9 


.78 


25 


30 to 35 


212.4 


107.0 


71.6 


49.7 


37.3 


26.7 


1.34 



Acconling to Mr. WolfTs estimate, the cost of operating a windmill 
for a 25foot lift, including interest on first cost and charges for main- 
tenance, ranges from % cent per hour for a 10-foot wheel to 2^ cents 
for a IB-foot wheel and 4^ cents for a 25-foot wheel. From an inspeo- 
tioii of the foregoing, it is evident that the windmill is one of the most 
economical of motive powers. Its operation calls for no expense for 
fuel and little for attendance or repairs. In comparison with it the 
fiteain engine requires large expenditures for fuel, repairs, and attend- 
ance, and nearly all water motors call for heavy outlay in providing 
and maintaining their water sux)ply aa well as for repairs and attend- 
ance. It appears that on the average the economy of a windmill is at 
least one and one-half times that of a steam pump, while it has an 
additional economy over the latter because of the attendance and 
repairs demanded by the steam boiler. 

Extensive experiments with a view to obtaining a comparison of the 
efficiency of various windmills have been recently made by Mr. J. ^V. 
Griffiths in Australia. The highest net efficiency observed in Mr. 
Griffiths's experiments with the wind blowing 7 miles per hour was 
25 per cent. Table III gives the results of his experiments for the five 
American-made wind wheels tested.^ 



»Tlie Windmill rh a Prime Mover, by AlfVed R. Wolfl; M. E., John Wiley & Sons, New York, 1890, 
161 pp. 

* Windmills for raininf; water. John Alfred Orifflthn: Minutes of ProcuedingH of the lustitution of 
Civil Engiueors, Vol. CXIX, Loudon, 1805, pp. 321-sM3. 
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While designed on lines somewhat similar to those of a water wheel, 
a wind wheel differs from the latter in that it is wholly immersed in a 
sea of air, while the water wheel is acted upon by a limited current of 
water; therefore, while the common paddle wheels of an undershot 
water wheel develop considerable power, as one side only is immersed 
in the stream, no result can be obtained by using such a form of wind 
wbeel unless one side of the wheel be screened from the air. This 
effect is obtained in a crude wheel used in some portions of the West, 
and known variously as the Wind Hustler, Jumbo, or Mogul windmill 
(illustrated on PI. I). Such a contrivance is of course less efficient and 
less reliable than the regular form of windmill, because it is placed so 
near the ground that it does not receive the full force of the wind. 
Moreover, the directing of the mill to the wind is not under the control 
of the iiTigator, and it will accordingly operate only when the wind is 
blowing in a direction nearly at right angles to its horizontal axis. 
Such a contrivance may serve as a makeshift for the pioneer who does 
not possess means with which to purchase a well-designed wind wheel, 
enabling him to bring under cultivation a trifling area of land, and to 
get a start in life. A number of Moguls are successfully employed in 
the West which have wheels of 14 to 18 feet diameter, to 8 fans of 
about 2 or 3 by 10 to 15 feet, and are each capable of pumjiing suffi- 
cient water to irrigate 1 to 2 acres with a 25-foot lift. Such a con- 
trivance costs from $20 to $100, or even more, according to the amount 
of hired labor employed in its construction. 

Tlie well-known forms of windmills consist of arms, cross bars, and 
clothing, and their vanes are made plane, warped, or concave. The 
older type of cloth or canvas-sail mill is common in Europe, especially 
in Holland, and has generally four arms. The narrow part of the saU 
is usually covered with a wind board, and the broader with wind slats 
of wood or with sailcloth. Modern American mills differ from the older 
European type in that they are chiefly of the proi)eller form, and 
instead of a small number of sails of considerable width are made with 
a great number of blades or slats of small width. They also differ in 
api)earance from the European mill, as the wheel presents a closed sur- 
face as compared with the large open spaces between the arms of the 
Euroi)ean sail wheel. As a result of this mode of construction, the 
American mill is lighter in weight as well as in appearance than the 
European mill, and though the wide angle of the vane is not so advan- 
tageous as in the sail mill, the surface presented for a given diameter 
is sufficiently greater to more than compensate. 

The direction of the wind is changeable, and, in order that the abaft 
on which the wheel revolves may be properly directed toward it, its 
support must be movable, so that it can revolve about a vertical axis. 
This revolution is effected in various manners in the old Earopeao* 
mills, and, according to the method employed, they may be divided 



* The Mechanics of Engineering and of Machinery, Weiabach and ihi Bois, VoL II, Hydrmuneaaai 
Hydraolio Motors, John Wiley 6c Sons, 1889. 
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into three claases: the jwst mill of Germany, the tower luill of Hol- 
land, and a type midway between tUese two (fig. 9), being like a tower 
uiill in which nearly the whole mill revolves, as in a post mill, uot 
merely the upper portion ulone, as in the tower mill proper. In the 
pf»t mill the entire building, wheel and all, revolves about a central 
lixed colnmn or post. In the tower mill the dome-shaped cap, which is 




.— OldtTpeor 



i the only movable portion of the mill, rests on a stationary tower of 

I wood or masonry. The wind shaft carrying the wheel is set at a slight 

incliuation to the vertical. This shiift transfers its power by means 

of cogwheels to the vertical shaft which tnrns the mill and actuates 

the pomp. The wheel is turned in the direction of the wind by e 
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of a lever or liand wheel or by meana of a large vane or wind wheel 
(fig. 10) attached to a secoiidary axis. 

The several types of American wiiidmills are distinguished by the 
form of the wheel and the mode of regulating or governing its position 
and direction so as to obtain a uniform power and rate of revolution 
under varying wind velooities. Theae mills may be divided into two 
principal classes, namely : (l)Bectional wheels with centrifugal governor 
and independent rudder, and (2) solid wheels with side-vane gov- 
ernor and independent rudder. In addition to these are a number 
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of specia] types, including various combinations of solid and sectional 
wheels and those having varying arrangements of rudder. Some of 
these special types are rudderless, the wind pressure uiion the wheel 
being relied on to bring it into direction. 

In selecting a windmill to perform a given duty the irrigator will havt 
many forms from which to choose, and, after a careful perusal of cata- 
logues and circulars furnished by different makers, must use his own 
discretion in choosing that which seems to best fit his requirements. 
Below are enumerated a nnmber of the more prominen t American wind 
mills. No attempt is made to name them in the order of excellence. 
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Moreover, no attempt is made to present a complete list, many forms 
of mills being on the market which may be equally as good as those 
named. 

Of side-vane governor mills the Corcoran and Eclipse are excellent 
examples. Of centrifugal governor mill the Halliday and Althouseare 
^ood examples, the latter being folding and rudderless. The Buchanan 
is a good example of a special form of wheel dependent for its regula- 
tion on the tendency of the wheel to go in the direction it turns as the 
velocity and wind pressure increase. The Stover mill has a solid-sail 
TTbeel with vanes so regulated that it may be reefed, stopped, or other 
^wise controlled to go slowly in heavy winds. The Perkins mill has a 
solid wheel with metal vanes, and an automatic rudder, which also acts 
as an automatic regulator. This, like many of the more recent Ameri- 
can mills with metal vanes, as the Aermotor, Gem, Crane, and Ideal, is 
back-geared. The Aermotor is one of the most popular of this class 
of modern American windmill with steel vanes. The Leffel windmill 
has metal vanes made on a helical curve, and depends for regulation 
on the fact that the center line of the wheel shaft stands off from and 
paraUel to the plane of the rudder. 

Others of the modern American type of metal-vane wheels are the 
Cyclone and Woodmanse. The Advance is of the automatic-regulating 
rudder type, and has both steering vane and governing rudder. The 
Carlyle is a special type, having a rudder arranged to reef the sail in 
storms, and so attached by an adjustable cam as to cause the center of 
gravity of the rudder to rise as the rudder falls toward the wheel. 

Drive wells should not, as a rule, be relied on to supply windmills, 
as the flow of water from such wells is usually limited, because of the 
small stratum of subsurface water from which they derive their supply. 
The well should be of ample size and properly lined. It is not infre- 
quently necessary to place the pump down in the well if the depth of this 
below the surface is such that water can not be successfully raised by 
suction. The windmill should be placed directly over the well or other 
source of supply, and on a wooden or iron tower or scaffolding suffi- 
ciently high to raise the wheel 20 to 30 feet above all surrounding 
obstructions. As commonly constructed, this tower is supported on 
four inclined pillars which straddle the well, and on its top is built a 
platform or turntable with an open center through which the pump rod 
descends vertically to the reciprocating force i)ump in the well. Wooden 
towers of this form are built from 20 to 40 feet in height, with upright 
corner posts of 4 by 4 to 4 by 6 inch timbers, crossed-braced with 1 or 
2 by 6 inch planks. The corner posts are usually firmly anchored and 
doweled into foot posts buried in the ground and made of 8 by 8 inch 
timber. Kailed to one of the side pieces is a ladder by which to reach 
the platform. 

Windmill towers are now often built of angle steel varying in size 
from 2^ to 4 inches, according to the size of the wheel and height of 

6296 3 
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the tower. These are in form more gracefal than the wooden towen, 
and more stable, since they offer less resistance to the wind, and if 
proi)erly proi>ortioued shonld ontlast wooden structures and withstand 
heavier gales. In the illustration (PI. II) one of these towers is shown 
supporting a tank above which in turn is the windmill, this arrange- 
ment being adapted for village or domestic supply, combined with irri- 
gation. In order to secure pressure for the former purpose the water 
is pumped by the windmill into the vertical pipe leading to the tank, 
but at the times when it is used for irrigation the water is not lifted to 
this elevation, but is only brought to a short distance above the ground, 
being allowed to tlow out into an open pond or reservoir from which it 
can be drawn to the fields. 

These steel towers are built as high as 100 feet, and at comparatively 
little cost, so that there is no difiiculty in raising the wind wheel well 
above all surrounding obstructions. A recent development of interest 
in the construction of such towers is a tilting tower. This is con- 
structed in such a manner that the upper part carrying the wheel can 
be tilted or brought down to the ground in a few moments and with 
little exertion, permitting easy adjustment and oiling. Metal towers 
are usually anchored on heavy wooden posts, or preferably in masonry, 
where the latter is easily obtainable. 

In erecting either wooden or steel towers care should be taken to keep 
them plumb and to place the pump rod directly over the pump. Above 
the platform the horizontal crank shaft is supported in bearings on the 
upper movable part of the turntable and is connected with the pamp 
by a swivel joint, in order to permit of rotation of the mill top in mak- 
ing necessary adjustments of the sails to changing directions of the 
wind. An overhanging arm of the crank shaft carries the wind wheel 
This, in some forms of mill, is on the lee side of the tower, in which case 
it maintains it-s direction perx)endicular to the wind by pulling the turn- 
table around, and is rudderless. In other forms the pressure of the 
wind on a rudder vane of sufficient area and leverage to overbalance 
the wind keeps it nearly peri)endicular to the direction of the latter 
and on the windward side of the tower. Most mills have, in addition, 
a controlling or regulating gear by which they can be stopped when the 
reservoir is full or repairs are necessary, and to prevent damage during 
gales. This gearing may be either automatic or operated by hand. 

There are many varieties of force, siphon, and patent pumps used in 
lifting water by wind power. It is impossible to say which of these is 
best suited for general service. The irrigator will do well to leave the 
selection of the pump required for his particular conditions to the wind- 
mill maker, for every manufacturer of windmills is prepared to supply 
any of the standard pumps and is sure to suggest that type and size 
which he believes will best meet the requirements, that it may make the 
best showing for his mill. 

Windmills average in cost from $50 to $400, according to size and 
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make. Storage tanks or reservoirs may be built for $100 and upward. 
^The puDip worked by the wiud wbeel should be of the best make and 
of a diameter not less than 3 inches and thence to 8 or 10 inches, cer- 
teiiily of sufficient capacity to handle all the water which the wind 
vrkeel is capable of lifting. On an average a 5ineh pump will dis- 
charge 250 cubic feet an hour, a Ginch pump about 380, and an 8-inch 
pump 650. On this basis, and with the average water duty, a 5 inch 
pump will therefore irrigate 6 acres if running constantly, or 2 acres if 
ruuning one-third of the time. The average windmill will irrigate from 
1 to 3 acres. If it is supplemented by ample storage facilities these 
figures may be multiplied by 3 or 4. In other words, it will irrigate 
from 3 to 10 acres. There are windmills of sufficient size in the West, 
where the wind is amply steady, to irrigate, with the aid of storage 
tanks, from 5 to 10 acres, pumping from wells 30 to 150 feet in depth. 
Theoretically, a 25-foot windmill working eight hours a day for one 
hundred and twenty days will pump 40 acre-feet to an elevation of 
25 feet, and if storage capacity for half this volume be provided it 
will be capable of irrigating about 20 acres. 

An excellent example of a windmill pumping plant is that of Mr. 
E. E. Frizell at Lamed, Kansas, shown on PL III. This consists of 
three 14-foot steel windmills on 30-foot towers and discharging into a 
reservoir 130 feet in diameter, with banks 8 feet high. The pumps have 
10-inch cylinders, and with a lift of 25 feet can fill the reservoir in about 
two days. The available capacity of the reservoir is nearly 2 acre- 
feet (PI. IV), and in a season the plant is capable of irrigating 60 acres 
successfully. When the reservoir is filled a sufficient head of water is 
available to enable it to flow freely over any part of the irrigable area 
and in sufficient volume to thoroughly soak the soil. 

WATER WHEELS. 

Water acts as a motive power by its weight or by its impulse. In 
the former case it fails slowly through a given height, and in the latter 
it passes through the motor with a constantly increasing velocity. 
Water motors may be divided into two classes, (1) water wheels and 
(2) water engines, each of which may be subdivided into several 
classes. Of water wheels the principal varieties are (1) undershot 
wheels, (2) breast wheels, (3) overshot wheels, (4) Pelton wheels, and 
(5) turbines. In addition there are water- pressure engines, rams, 
bucket engines, etc., but moat of these are antiquated or not eco- 
nomical, and it is therefore hardly necessary to describe them as 
machines for elevating water*for use in irrigation. Of these devices, 
however, rams are very economical where but a small volume is to be 
lifted. 

In considering the subject of lifting water by means of water power, 
it may be said, as of other water-lifting machines, that the duty they 
have to perform may be the raising either of a large volume of water 
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to a small height or of a small volume to a large height. These dutiet 
may both be performed with a water power derived through either a 
large volume of water from a small height or a small volume of water 
from a great height. It is this intimate connection between volume 
and head of power and resulting work which calls for the exercise of 
discretion on the part of the irrigator in choosing the water motor 
best suited to his special requirements. A ram is nearly always called 
upon to utilize a large volume from a small height to raise a small 
volume to a great height. The Pelton water wheel generally utilizes* 
small volume from a great height to elevate varying volumes to vary- 
ing heights. Undershot and breast wheels utilize large volumes from 
small heights to elevate moderate volumes to small heights. 

Of undershot water wheels there are practically three varieties- 
midstream wheels, the common undershot wheel, and the Poncelet 
wheel. The midstream whi^el is actuated by the velocity or impulse of 
a current of water in the middle of a broad stream in which it may be 
set. Such wheals are rarely employed, but when they are it is almost 
exclusively to raise water for irrigation. They are simple in construe* 
tion and operation, and may be advantageously employed where water 
is abundant, even in streams having moderately low velocity. Such 
wheels produce the best result when their float boards or paddles are 
made straight, but not radial. They vary from 12 to 25 feet in diameter, 
their float boards varying between 10 and 15 in number, 2 of which 
should always be immersed at the same time. These project from 24 
to 30 inches from the wheel rim, dipping into the water about one-half 
their depth. In rivers, the water levels of which fluctuate, the axle of 
the wheel is placed on movable sui)ports, as shown in tig. 11, to render 
it capable of being raised or lowered at pleasure. An interesting adap- 
tation of the midstream wheel for lifting water for irrigation is that 
illustrated on PI. V, which r<.*present8 such a wheel floating in the 
Colorado River, and by means of gearing and an endless cable, causing 
buckets attached to an endless chain to lift water from the river to the 
irrigating dit<5h above, a height of about 25 feet. 

Numerous midstream wheels have been employed in the West for| 
pumping irrigation water. They are almost always used as norias, 
having attached to their outer rims a number of buckets which dip 
into the water as the wheel revolves, and, as they reach the upper por- 
tion of their cycle, spill their contents into a trough which leads into 
the irrigation ditch (PI. VI). Such wheels are of very ancient origin, 
having been used in almost every country in the world, most exten- 
sively, perhaps, in Egypt and Italy. Some very large wheels of this 
variety have been successfully employed on the Green River in Colo- 
rado. The diameters of these wheels are from 20 to 30 feet; they are 
hung on wooden axles 5 inches in diameter, and their paddles dip 2 feet 
into the stream. The buckets attached to their outer circumferences 
are of wood, having an air hole in the bottom closed by a suitable 
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jntlier Qap valve. These buoketa are 6 feet in length and 4 iaches 
()aare, and have a capacity of two-thirdB of a cubic toot each. Tbe 
argestof them raises 10 cubic feet per revolutiou, and handlea in all 
bout 4,(H)0 cubic feet per day, or, approximately, one-tenth of au acre- 
xit. An apparatus not unlike the noria ia the aucient wheel employed 
I Egypt ant) known as the tympanum (PI. VII). This wheel is a com- 
ion undershot wheel turned by paddles dippiu^ into a flowing stream, 
ut instead of lifting water in buckets, tlie water euters a series of 
piral gutters, and as the wheel revolves flown through these until it 
Dally reaches the center of the wheel near the hub and passes out at 
iiis point into the irrigation ditch.' 

Comniou uuderabot water wheels are better than midstream wheels 
here a fallofsutBeient height to give a good velocity can be obtiuned. 
liese are placed iu a channel or mill race of about the width of the 
lieel, bat a little wider at the inlet than at the wheel. The paddles 




tre similar to those of midstream wheels, tliough they are sometimes 
■orved and of iron (flg. 11). They vary in diameter irom 10 to 20 feet 
md have usually from 30 to 40 paddles of flrom 1^ to 2^ feet in depth 
>iid with face lengths of from li to 6 feet. In the illustration, fig. 11, a 
limpleformof undershot wheel is filiown,(1iHgrauimatically, exhibiting 
iicommon method by which the wheel can be raised or lowered to suit 
the fluctuating height of the stream. The axle of the puddle wheel (0) 
(ttsupported at about the middle by heavy timbers (D), the ends of which 
on the downstream side are pivoted in line witli the axle of the wheel 
[M), which transmits the ix)wer. The upstream emi.s of the timbers are 
hong on chains passing over a windlass ( R), by which the timbers can be 
hoisted or lowered, thus adjusting the height of the paddles. Greater 
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efBciency can be obtained from undershot wheels if the paddles are m 
concave or of the type known as Poncelet. These latter are immer 
nearly to the height of their axle, the water being partially screei 
from them by a curved breast-piece or apron, so that the current 
pinges against the curved blades somewhat in the manner of the act 
in a turbine J 

Overshot wheels are economical in their use of water, and are thi 
fore employed where it is scarce. In these the water is deliverc^d ab 




Fio. 12.— Overshot -water wheel. 



the wheel by means of a flume, mill race, or penstock, and they are 
constructed that the water may be thrown upon either the neiir or 1 
far side of the wheel, according to the arrangement of the outlet gii 
controlling the supply. On the outer circumference of the wheel i 
series of buckets of the full length of the wheel face. Into these buck 
the water pours, and by its weight carries the wheel down, causing 
to revolve (fig. 12). As it turns, each bucket (I) I)) fills in passing 

'The Mecbauics of Engineering and of Machinery, Weisbach and Duboia, Vol. 2: John Wilt 
8on«, 1889, pagtt 310. 
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inlet orifice (A) and empties as it approaches the outlet channel, so that 
on one side are always a certain number of filled buckets. Such wheels 
may be employed to utilize falls of from 6 to 60 feet. In order to lose 
as little of the fall height as possible, the bottom of the wheel should 
approach close to, but not dip into, the lower water surface. The 
greater the width of the faces of these wheels the larger volume will 
their buckets hold, and, accordingly, the greater power will they exert. 
Overshot wheels may be employed to operate, through gearing or belt- 
ing, any of the usual forms of reciprocating, centrifugal, or force pumps, 
and they will elevate volumes of water to heights proportional to 
the power which they are capable of developing. The largest, and 
therefore, perhaps, the most interesting, overshot wheel ever constructed 
is on the Isle of Man. The diameter of this wheel is 72 feet and 6 inches, 
and it is claimed to develop 150 horsepower, which is transmitted several 
linndred feet by means of wooden trussed rods to a series of pumps 
capable of raising about 33 cubic feet of water per minute to a height 
of 1,200 feet. 

Turbines are horizontal water wheels and may be classified according 
a8 they are acted upon — (1) through impulse, (2) through pressure, or 
(3) through reaction. Impulse wheels have plane or concave vanes or 
float boards on which the water strikes more or less perpendicularly. 
Pressure wheels have curved float boards along which the water glides. 
Reaction wheels are actuated by an arrangement of pipes from which 
water issues tangentially. To this latter class belong Pelton and 
other forms of tangential wheels. Pressure and reaction wheels, 
though similar in construction, differ in that in the former the passages 
between the vanes are not completely filled with water, while in reac- 
tion wheels the water fills and flows through the whole section of the 
discharge pipe. Turbine wheels are again subdivided into the fol- 
lowing three classes: (1) outward flow, (2) inward flow, (3) mixed or 
parallel flow, the latter really combining the first two classes. Out- 
ward-flow turbines receive the water at the center and deliver it 
at the periphery of the revolving wheel. Inward flow turbines act in 
practically the reverse manner from that of outward flow wheels. 

Turbines possess an advantage over the older types of wheels in 
that they may be used with any fall of water, from one to several hun- 
dred feet. They have many other advantages over such water wheels; 
they may be regulated according to the power required and the watersup- 
ply available, the regulating apparatus being such that the efficiency 
remains nearly the same, whether water is scarce or abundant. Again, 
turbines may be submerged, while other forms of water wheels must be 
elevated above the tail race. The turbine takes its supply at the bottom 
of the fall, while overshot water wheels take it from the top of the fall, 
thus the former utilizes practically the whole height of fall. Further- 
more, turbines move with a greater velocity than vertical water wheels, 
and hence may be materially reduced in size and weight for an equal 
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prodQction of power. In fig. 13 n tarbine is shown geared to a ocDtiif- 
a^l pomp, as employed in irrigation. 

There are a number of succesafnl forms or tyi>es of tnrbine water 
wheels made in this country. The »dvaiitaf;es of each i]f these are 
fully desf^ribed in the trade catalogues of the various makers, and much 
addttioual useful informatiou relative to them cun be obtained by tlie 
prospective irrigator through rorresiwndence with the mannfu-tuTers. i 
In the West are a number of irrigation pumping i>1aut8 operated by tur- 
bines. Tlie wheels range in size and t>ower from a few inches in diame- 
ter, operated under but a few feet of head, and developing a fraction of a 
horsepower, up to enormous engines rivaling those recently built for util- 
izing the fall of Niagara, capable of producing as much as 2,000 horse- 
power each, and operates! under several hundred fe«t of head, their 




diameters being »s grt tt is 6 to 8 feet Tliej range in price, likewise, ' 
from $100 to several tlioiisand di)llarH. There has boeu recently erocted 
at Proaser Falls, Wiisliinfrbm, a turbine power and pumping jilant 
capable, it is estiniateil, of irrigating 4,000 lu^ies besides furnisliiug 
power for factories iind otbiT jiurposes. This plant pumps water to an 
elevation of 100 feet, with a powerprodnciiig fiill of 20 feet. There 
are two turbines, each 4S inches in diameter, and each capable of devel- 
oping 1.(5 horsepower under a l2-fiK)t bead. VlatiU operates a duplex 
pumping engine of 25-incli cylinder aud 24-incli stroke, each ha\in^' a 
cajiainty of 4,000 gallons a miuiite. 

Tangential water wheels are simpler in construction than turbines, 
less liable to get clogged or out of order, and they may be worked 
under much gi-eater heights of fall tliaii olber forms of water wheels. 
They derive power from the impulse oi water discharged from a nozzle 
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keta on the lower side of the wheel (fig. 14). They do not work 
Bfactorily as turbines with heads less than 30 feet, though they 
« small powers with great efQcieiicy at even lower heads. But 
CO feet aud op to 2,000 feet there is no other water wheel so efB- 
bs the tangential. It has a wide rauge of adaptability to varying 
ious of water supply by simply changing the nozzle tips. As 
ickets are open, there is no nncertaintj' from derangement of 
or stoppage by driftwood. They are relatively cheap of instal- 

and admit, by varyiog their diameters, of being placed directly 

crank shaft of power pumps without intermediate gearing. The 

ia the most common form of tangential wheel. 

Pelton wheels have yet been employed in pumping water for 
ion, but as they become better appreciated it ia probable that 
-alue in utilizing small volumes of water from great heights will 




Fio, M.— frlton umlfr wheel. 



' them more popular. Pelton wheels arc made of varyinp sizes, 
hose capable of developing a fractioTi of n horsepower from the 
supply of a bouso faucet or mountain spring to the liirgest size, 
■ecently constructed for the North Star Mining Company, Grass 
', California, operated under an cfiective head of 750 feet, ia 18^ 
a diameter and of 300 horsepower capacity. This wheel is 
;ed on a bicycle-spoked frame having a 10 inch steel shaft. Its 
leral speed is 6,000 feet a minute, and its efficiency is about 90 per 

Another Pelton wheel working under 810 feet head ia but 40 

in diameter and develops COO horsepower. 

re is now bein^f made by the Austin Manufiicturiug Company, of 
fo, an apparatus called the Improved Current Motor, the object 
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of wliich ia to develop power fh>tn the water flowing iu a large atreaiD 
something iu ttie manner in which it is developed by the ordiiuuy nnder- 
shot water wheel. This apparatas coDsists of a narrow, doatiag, boow- 
shaped pontoon, a sort of floating platform, about 100 feet in length hy 
11 feet in width. The upstream end of this is ixiinted like the prow of 
a boat, that it may part the current of the stream. This float is 
anchored iu midchannel and earries a couple of endless chains rnnning 
over sprocket wheels 5 feet G inches iu diameter hung on 2-iach shafts. 
These sprocket wheels are situated »t each end of the pontoon, and the 
endless chains beiir between them, at intervals of 8 feet, float boards 
6 feet lOg inches in length by 3 feet in depth. These float boards are 
acted upon by the current, which carries them along beneath the pon- 
toon, over the rear sprocket wheel, whence they return above the plat- 




fbrin to the front sprocket wheel and again pass into the water. Tbe 
power developed by this motor is transmitted by belting and gearing 
to an ordinary endless chain carrying buckets or other mechanical 
water elevators (see p. 51} which lift the water from the stream into 
the irrigating canal. 

A curious and at the same time interestiug form of water wheel, 
which ia not a water motor, but ia used to lift or pump water, is 
which is employetl oil tbe Chesapeake and ]>elaware Canal to elevate 
water from a lower to a higher lev^I. This wheel {fig. 1">) is similar 
its motle of operation to the tympanum of Kgypt, shown on PI. VIL 
It i-s 'Sf> feet in diameter, 10 feet in width on the outside, and 7^ fe^- 
on the inside. Of its fiure width 24 inches is occupied by two bands 
or rows of heavy iron cogs, which bind the outer edges of the wheel 
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This revolves on a 15-inch iron axle, reduced at the bearings to 12^ 
inches, and is turned by a couple of cogged pinions, each 4 feet in diam- 
eter, mounted on a 12-inch crank shaft. These pinions gear into the 
cogged bands on the outer edges of the wheel. The shaft bearing the 
cogged pinions is connected directly, through cranks, with two large 
low-pressure condensing beam engines. These engines have each 7-foot 
stroke and 36-inch cylinders, and are each capable of developing 175 
horsepower, or a total of 350, on a consumption of 900 pounds of 
coal per hour. The central x)ortion of the wheel, 8 feet in width on the 
face between the cogged bands, is divided into twelve openings, each 
about 18 inches wide at the mouth, and these are the entrances to spi- 
rally curved buckets of the full width of the wheel, which enlarge as 
they approach the center and then diminish at their inner or discharge 
orifices to a width of 2 feet. Surrounding the main axle is a conical 
wooden hub, from 8 to 11 feet in diameter, so designed that the water 
falling on it from the buckets is thrown in either direction and empties 
into two canals, one leading away from each side of the wheel, dis- 
charging a little beyond into the main canal. The buckets terminate 
within 4 feet of this central hub, and have an inside depth along the 
diameter of the wheel of 12 feet. As the wheel revolves, the buckets 
fill by immersion in the feeder canal, and the water falls out at the 
lower end of these buckets onto the hub and thence into the outtake 
canals. The lift from the surface of the feeder canal to the surface of 
the out-take canal is 14 feet. The wheel makes 100 revolutions per 
hour, and is capable of lifting 300,000 cubic feet of water per hour to 
this height. This is equivalent to about 170 acre-feet of water per day 
of twenty-four hours, or about 83 second-feet flowing continuously. 
This, on a consumption of about 10 tons of coal for twenty-four hours 
at 95 per ton, or $50, is equivalent for fiiel alone to a charge of about 
$1.30 per acre-foot. The efficiency of this machine seems to be rela- 
tively so high as a pumping machine for low lifts and large volumes 
that it is not improbable that it may be found advantageous to employ 
some such apparatus in irrigation. 

Hydraulic rams may be utilized where there is a trifling fall and but 
a small amount of water is to be lifted. They work on the principle 
of a large volume of water having a small fall forcing by impulse blows 
a smaller volume to a higher elevation. Water is delivered to the ram 
from a reservoir or stream with steady flow through the supply or drive 
pipe. At the end of this is a check valve, opening into a chamber con- 
nected with the discharge pipe. As the water j)as8es through the drive 
pipe it flows, with a velocity due to its height of fall, through a weighted 
pulse or clack valve which opens inward. It almost instantly closes 
this valve, and at the moment the issue of water ceases a ramming 
stroke is created which opens the delivery valve and permits the water 
to enter the air vessel, and at the same time, because of its velocity, 
the water flows back through the drive ])ipe. At the instant the back- 
ward flow begins the delivery valve closes and the \>w\^^ xvjXn^ q\>^w^ 
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to allow the passage of the water frotn the supply pipe, and the opera- 
tion is repeated. In general, it may be stated that a hydraulic ram will 
elevate one-seventh of the supply volume of water to a height five times 
the tail, or orie-fonrteenth part to ten times the height of fall. The fall 
should range from 2 to 10 feet, but not more. Hydraalio rams are very 
vheup, both to purchase and to maintain, and are unaffected by tail 
water, sa they will continue working even when flooded. It may be 
stated that in pla<'ing a hydranlic ram the length of drive pipe should 
be increased aa the height to wliicli water is lifted is increased, so that 
water shall not be forced back in the drive pipe as the pulse valve 
closes. The length of the drive pipe should in general be five to ten. 
times the height of fall. The delivery pipe is usually from one-third to 
one-fourth the area of the drive pipe. 
Of the many iyi>es of hydraulie rams in the market but few are of 




Tia. 10.— BTdnuUc rammEng .'nglnB. 

sufSuient capacity to perform tlie amonitt of woik re<|uired in supplying 
irrigation water. Those which are capable of performing this work 
partake chiefly of the nature of hydraulic ramming engines, aud are 
constructed somewhat differently from rams proper. They may be 
actuated by dirty as well as clear water, but are more intricate in their 
construction than are simple rnms. One of the most effective of these 
engines is the Bife hydraulic ramming engine (fig. 10). This is said to 
be cai>ablu of elevating water to a height of 2'» feet for every foot of 
fall, and to deliver onc-tbini of the water used in operation to two and 
one-half times the height of fall, or one-sixth of the water to five times 
the height of fall. Only the largest of these aie capable of elevating 
enough water for irrigation. Those having a 4lrive pipe 8 inches and a 
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delivery pipe 4 inches in diameter are capable under a head of 10 feet 
of elevating about one-half of an acre foot per day of twenty-four 
hours to a height of 25 feet. Such a machine costs $500, or at the 
rate of about $10 i)er acre irrigated. 

HOT-AIR AND GASOLINE PUMPING ENGINES. 

These machines have been extensively used in the East for pumping 
moderate quantities of water for domestic consumption and for small 
factories or villages. Lately they have been successfully employed in 
pumping small irrigation supplies in the West, and are undoubtedly 
destined soon to gain popular favor, chiefly because of their sim- 
plicity, economy, and the ease with which they can be stopped and 
started and maintained in successful operaticm by unskilled labor. 
Hot-air pumping engines do not depend for their operation on i)ower 
developed by the expansion of steam to convert heat into motion. 
Gasoline engines are likewise operated without converting the heat into 
steam, but by the expansive force produced by the explosion of vapor- 
ized gasoline when ignited in contact with air. Both of these types of 
engines are made only to develop comparatively small powers, and 
therefore are utilized in pumping but comparatively small volumes 
of water, usually irrigating from 5 to 50 acres. These engines have 
decided advantages over water and steam motors in that they can be 
employed where there is not sufficient water supply to operate a water 
motor and because of the kind of fuel which they consume, gasoline 
engines being serviceable in arid regions where fuel is expensive and 
difficult to obtain, and hot-air engines being capable of utilizing almost 
any variety of fuel. Moreover, these engines are small and compact, 
simple of erection by comparatively unskilled labor, and may be oper- 
ated with the minimum expense for supervision and with little skill on 
the part of the operator. 

Hot-air engines are constructed almost wholly for pumping purposes, 
the motive i)ower and pumping apparatus being combined in one 
machine inseparably connected in one frame. They are so simple in 

— operation that anyone capable of lighting a match may run them. 
There is no i)ossibility of explosion, and when once started they require 

-^ - no further attention than for replenishnaent of fuel. They are made in 
capacities ranging from a few gallons per minute to one-tenth of a 

* second-foot, equivalent to two-tenths of an acre-foot per day of twenty- 
• four hours, limited by the height of lift, which varies from a few feet to 

^ 500 feet. The chief objection to hot-air pumping engines is their great 
^ first cost, which for the larger size is $600, or $6,000 per second-foot, 
equivalent to about $100 per acre irrigated. 
Gasoline engines are used extensively in some portions of the West, 

* notably in Kansas, for pumping water for irrigation. They are made 
- of various dimensions, up to those capable of developing 50 horsepower 

* and pumping a correspondingly large volume of water, and they ate 
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constructed as combined motive and pamping plants or as separate 
motors to be attached to varying forms of pumps. The chief advantages 
which these machines have over other motive powers for pumping are 
their compactness and simplicity of installation and operation, and, 
above all, their cheapness, not so much for first cost as for ultimate 
maintenance, though in this latter item they do not surpass hot-air 
pumping engines. The largest of these engines are capable of elevatiug 
for low lifts as much as 3 second-feet of water, or G acre-feet per day of 
twenty-tour hours, and lesser quantities to greater heights in propor- 
tion. The cost of oi)eration of such a machine as this has been asserted 
to be for gasoline as low as $1.25 per day, or 20 cents per acre-foot. It 
is stated that these engines will pump water at a cost of about 1 cent 
per hour; and working ten hours a day, the largest size will elevate 
sufficient water to a height of 20 feet to irrigate about 320 acres if 
storage be provided. The first cost of the plant is from 9:100 to 9600 
for engines capable of irrigating 10 to 20 acres, and larger plants in 
proportion. This is at the rate of about $30 per acre without storage^ 
and the cost of operation is about $1.25 ])er acre irrigated. 

STEAM PUMPING ENGINES. 

Of the many forms of motors utilizing steam power, the following 
two classes cover most of those which are of interest to irrigators: 
(1) those which utilize steam power by indirect transmission to the 
pump through gearing, belting, or other separable connection; (2) 
those which utilize steam power through an engine directly coupled 
with the pump, as direct-acting or fly-wheel pumping engines. It is 
not desirable to refer here to the many forms of steam engines and 
boilers employed in developing steam power for actuating plunger, 
centrifugal, or other pumps. They are innumerable and are manufa& 
tured in all varieties, forms, and sizes and at all i>rices. The irrigator 
must determine by consultation with makers of steam engines and 
boilers those which are best suited to the work which he has to per- 
form. On the other hand, direct-acting engines, being inseparable 
from their pumps, may be here considered, as each differs not only in 
its motive power but in its pumping mechanism. 

In endeavoring to determine the power reciuired of a pump that it 
may elevate a given volume of water to a given height the same consid- 
erations must be dealt with as in transforming power developed by 
windmills or water motors into volumes lifted to given heights. This 
may be roughly stated by the formula: horsepower required, H. P., 
equals time of work in minutes, t, multiplied by volume of water in 
cubic feet, r, multiplied by weight of a cubic foot of water (C2jr 
pounds), 7r, divided by .'i'^.OOO pounds, the result to be multiplied by 
the height to which the water is elevated in feet, /<, plus the resistanoej 
due to friction in pipes, /. 

^^•^•-33,000^^^'^ 
The frictional resistance to flow is an indefinite quantity which raayj 
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>e most easily determined by reference to such tables as Trautwine's or 
thers giving fractional resistance for pipes of given diameters and 
3ngths. 

Direct-acting steam pamping engines differ from other steam puuips 
[1 that the motor and pamp are combined inseparably in one mechau- 
im, the power which performs work being derived from an ordinary 
team boiler, not through an engine separately geared or belted to the 
•amp, but directly from pump plungers which form part of the steam 
istoii or connecting rod. Such direct-acting pumping engines may be 
ither single or double acting. They have the water and steam ends 
entered in one line, so that the water plunger and steam piston are 
ttached to the same piston rod and work together without an inter- 
ening crank or other connection. This is the simplest and most com- 
>act form of steam pumping apparatus, and is more extensively used 
>r pamping than all other varieties of pumping machinery combined, 
bough it is, i)erhaps, one of the most wasteful and expensive forms of 
team engines. It is undoubtedly the most substantial and satisfactory 
>rm of steam pumping apparatus for lifts exceeding 20 feet, for it is 
388 liable to derangement or accident and better fitted to perform con- 
tant, hard work than any of the separable steam engines and pumps, 
lacbines of this class are manufactured by many establishments, and 
he qualities and efQciencies of the various makes are well established 
y competition and experiment. Steam pumping engines are similar 
I nearly all the various makes, differing chiefly in details of valve 
lotion. Among the best of these are the Kuowles, Blake, Smlth- 
'aile, Dean, Cameron, Worthington, and Davidson valve movements. 

In selecting steam pumping engines, among the points most desirable 
re strength and simplicity of working parts, large water valve area, 
mg stroke and ample wearing surfaces, continuity of flow, simplicity of 
cynstment and repair, and moderate steam consumption. In choosing 
'om the various makes of x>umping engines it is well in correspond- 
ig with their makers to inform them, among other points, of the pur- 
oses for which they are to be used, height of lift and height to which 
'^ater is to be forced, quantity of water to be elevated, motive power, 
nd quality of fluid, as clear or muddy. 

Direct acting steam pumping engines may be either high-pressure or 
ompound. The latter are economical in both fuel aod water consump- 
ion, and their cost for operation is correspondingly less, though their 
irst cost is a little greater. Tlie best form of direct-acting are the 
luplex pumping engines, consisting of two direct-acting stesim pump- 
Dg engines of equal dimensions, side by side on the same bed-plate, 
nth a valve motion so designed that the movement of the steam piston 
f one pump shall control the movement of the slide valve of its oppo- 
ite pump so as to allow one i)iston to proceed to the end of the stroke 
knd come to rest while the other piston moves forward on its stroke. 

All single-acting pumps should be provided with air chambers. 
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These are often an improvement even to doable-acting pamps, for 
though the hitter have a fairly steady discharge, the air chamber 
insures almost perfect uniformity of delivery. The capacity of an air 
chamber for a pair of double-acting pumps is about five or six times 
the combined capacities of the water cylinders, while for a single-acting 
pump it may be ten or twenty times greater. The air chamber performs 
practically the office of a stand-pipe attached directly to the pump. It 
neutralizes the variations of velocity of discharge in the delivery pipes, 
the fluctuations of which might cause danger of ramming and wastage 
of work. The air chamber obviates this by permitting the excessive 
delivery of water from a pump stroke to enter it and thus compress 
the air, while on the return stroke the expansion of the air forces out 
water to supply the deficiency. 

Several extensive steam pumping plants have been employed in the 
West for providing water for irrigation. The first cost is usually % 
little greater than for centrifugal pumps, though not always so, depend- 
ing upon the height of lift. Their efficiency is usually quite high as 
compared with all other forms of pum])ing x)lants, and their mainte- 
nance cost is usually less than that for centrifugal pumps. Their oper- 
ation requires skilled labor, as does that of centrifugal pumps; but 
they are less liable to get out of order, and any injuries sustained can 
usually be readily repaired. 

In Arizona is a high-pressure pumping engine capable of irrigating 
100 acres per season which cost when erected $1,000, or $10 per acrei 
irrigated, while the cost of running it is but $5 per acre. A larger and 
more modern plant operated near Tucson consists of two comx)onDd| 
Smith- Vaile pumping engines, capable, it is claimed, of irrigating 600 
acres per season at a cost for oj)eration of $3 i)er day, the first cost for| 
this plant laid down having been $4,200, and the height of lift being! 
70 feet. Still another pumping plant, consisting of an automatic cnt-j 
off condensing engine with two 150-horsei)ower boiler^, has beeal 
erected on the Yuma River. The pumping engine has 18-inch stroke! 
and 42-inch cylinders, and is of 165-horsepower capacity. This is aa 
Allis pumping engine, having a fly wheel weighing 7 tons and making] 
67 revolutions per minute, the capacity of the pump being 12 second- 
feet, or about 24 acre-feet in a day of twenty-four hours. This pump I 
delivers water through a 26.ineh redwood stave main, elevating tbell 
water 80 feet, and this is stored in a reservoir having 23 acre-feet { 
capacity. A year's test of this engine, Jiccording to the claims of the 
owners, shows it to be ca])able of discharging 12 second-feet at a cost] 
of $3 per second-foot for fuel. 

There has recently been erected at Eureka, Kansas, a pumping pliuitj 
for the irrigation of about 3,000 acres. This consists of two horizontal 
return tubular boilers and two compound, duplex, direct-acting steam 
pumping engines of a maxinnun capacity of 530,000 cubic feet, or about 
12 acre-feet i)er day of twenty-four hours, ec^uivalent to 6 second-feet, 
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,b a total lift of 65 feet. The cost of this plant, exclusive of the 
•rage reservoir, was aboat $8,000, while the cost for oi)eration is esti- 
ited to be $1.60 per acre, assuming that the full area is covered. 
Ln addition to the better-known forms of steam pumping engines, 
ere have been built a number of patented types of pumps, gotten 
» with the special view of lifting large volumes of water to small 
dvaiions for use in irrigating or in draining lands. Three of the more 
)table of these are the Uiiffer and Nye irrigating pumps, formerly 
lade in Colorado, and the Menge irrigating and drainage pump, made 
I New Orleans. The Nye pump is a curiously compact affair, worked 
irectly from a steam boiler in such manner as to utilize atmospiieric 
ressnre in producing power through condensation of steam. It re- 
uires little st^am pressure except for lifts above those made by an 
tmosphere, say over 25 feet at sea level. It consists of two large 
flinders fastened vertically on one bed-plate. Steam is let into one of 
[lese and is instantly condensed by a spray of water, thus creating a 
acaum or suction i>ower nearly equal to atmospheric pressure, and the 
irlinder is filled with water. As one cylinder is being filled the other 
; being emptied, and at the same time receives steam for a similar con- 
ensation and vacuum. The action of the steam valves is automatic, 
ad steam enters but one cylinder at a time. These engines have no pis- 
ms or pac^king to wear out and i)ractically no loss of power by friction; 
ley are siini)le in construction and erection, and little skill is required 
I placing or in operating them. They are miide of varying sizes, the 
krgest being capable of lifting nearly 7 second-feet of water to an ele- 
ction of 20 feet, and costing about $1,000, equivalent to a first charge 
»r plant of about $140 per second-foot. 

The Uuffer pump works on a principle similar to that of the Nye 
amp, but while the latter is ca])able of forcing water to a height of 
early 100 feet by direct steam pressure, the HuflFer jmmp is merely an 
bmospheric lifting pump, capable of raising water only to such height 
» the aid of atmospheric pressure will permit. The largest sizes of 
lis pump are capable of lifting about the same volume of water as are 
le Nye pumps. Neither of these pumps has met with popular favor, 
liefly because they are not economical motors. In consequence, their 
anufacture has been discontinued. 

The Menge pump has been most extensively employed in pumping 
ater from swamp lands or in lifting water to flood cranberry and rice 
iramps. Only recently have any of them been used for irrigation, and 
len only for low lifts, usually between 5 and 10 feet. Above the latter 
iight a two-story or double lift may be employed, but is not quite so 
•x>nomical. For the lower lifts which are within the power of one 
imp this machine is considered one of the most economical made. It 
a combination of wood and metal, and is operated by a stationary 
ifj^ine, belted to a pulley on a vertical shaft set in an upright wooden 
>x. The upright box has two suction ports at the lower end, midway 
itween which is the water wheel, from each blade of which is a free^ 
6296 i 
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continuous delivery of water, which rises iu the vertical box to the 
discharge outlet. These wheels are made in various sizes, from those 
which are but 4 by 8 inche^s up to wheels as great as 16 by 42 luches. 
The largest of these is claimed to be capable of lifting about 70 second- 
feet of water, equivalent to about 140 acre-feet per day, to a height of 
10 feet on an expenditure of about 100 horsepower. The price of the 
Menge pump is exceedingly low, about $1,000 for the largest size, 
equivalent to a first charge for i)lant alone of approximately $14 per 
second-foot, plus the usual cost for steam boilers capable of producing 
this number of horsepower. 

CENTRIFUGAL AND ROTARY PUMPS. 

For lifting large volumes of water to moderate heights the centrifugal 
pump (fig. 13, p. 40) is most economical and efficient, as well as simplest 
in construction and cheapest iu first cost of plant and erection. It is 
not, however, so substantial as a direct-acting steam pumping engine, 
and therefore not so suitable for large i>ermanent works requiring con- 
siderable lifts. Where circumstances are suited to its employment it 
is one of the best pumps for irrigation. It is adapted to raising water 
heavily charged with sediment. In construction a ceutriftigal x)ump 
is similar to an outward-flow turbine driven in the reverse direction. 
Such a pump can not be put in action until it is filled with water, an 
operation which is effected through an o])ening iu its outer casing when 
the pump is below water, or by means of a steam jet when the pump is 
above water. The efficiency of a centrifugal punip diminishes with the 
lift, and for lifts exceeding 25 to 30 feet a force or i>luuger pum]) pro- 
duces better results. Centrifugal pumi)8 are usually driven by water, 
steam, or gasoline motors, with wliich they are connected by belting 
or shaft and gearing, and tliey may be erected independently of the 
motors and at some distance from them (PI. YIII). They are also made 
to gear directly on the motor shaft. 

Many forms of centrifugal pumps are now in tlie market. They are 
of varying capacities, from those having 2-iiKrb discharge pipes up to 
those having 24-inch discharge pipes, the largest sizes being capable of 
elevating as much as 15 second-feet, or the same number of acre-feet in 
a day of twelve hours. Such i)uinps as these vary in cost according to 
circumstances, but the larger sizes cost for plant about 8100 per second- 
foot of capacity for moderate lifts, while for 15 second-foot pumps they 
recjuire engines capable of developing about 5 horsepower iH?r foot of 
lift. 

Among the more notable centrifugal jnimping plants for irrigation is 
one for the Vermilion Canal Company in Louisiana, consisting of six 
15inch pumps, which are claimed to be capable of discharging 130 
second-feet of water against a head of 20 feet, and are operated by two 
engines, oach of 250 horsepower. Another centrifugal pump, working 
on a farm iu southern Arizona and operated by a 10-horsepower engine 
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L boiler, has a capaeitji of;'t^^'thir([ti^t p.:&ecoDd-foat... .Tbep^ra- 
i of this plant calls for- the consumptiou of afcout J. cccd o£'^^•<)o.d-Ee^' 
r of twenty-four hoars, and it is capable of irrigating about 3 acres 
a season. A similar pump in the same locality and operated by a 
loline engine of 35 horsepower will handle about 11^ acre-feet in 
mty-four hours on a consumption of about 84 gallons of gasoline, 
ler centrifugal pumps of small capacities and capable of watering 

> 10 acres per day, and in the course of an irrigation season from 50 
LOO acres, are operated by one man at a cost of about $2.50 per acre 
gated for maintenance and $15 per acre for first cost of plant, 
t is proposed to erect an extensive centrifugal pumping plant for 

> Sommit Lake Water Company in California, and the estimates of 
I engineers for a plant capable of irrigating 40,000 acres, including . 
tributing canals and other items, is $81,000, the cost of the pumping 
nt alone being estimated at about 75 cents per acre, while the cost for 
oration of and interest on the pumping plant during an irrigating 
son is estimated to be about $1 per acre, on the assumption that 
I depth of irrigation will be 1 foot and the lift 20 feet. These figures 

considerably below those of most gravity systems. 

lotary pumps, while theoretically the most efdcient, are practically ! 

>able of elevating but small quantities of water, and have been found i 

small value in elevating water for irrigation. They may be t.ermed 
olving-piston pumps in distinction from direct-action pumps, and 
i^e the advantage of not changing the direction of flow of water o 

ring its elevation by each stroke of the pump. They can be run at 
:h speed, and have no complicated leather valves or pistons to be 
>ked or otherwise get out of order. They are probably most usefid 
lifting silt-laden water or heavy fluids. There are numerous forma 
the«e pumps in the market. A large machine of this type, made by 

> National Pump Company, is stated to be capable of lifting about 
cre-feet of water in twenty-four hours to a height of 20 feet on an 
lenditure of about 5 horsepower, and to a height of 100 feet on 

expenditure of 25 horsepower. The first cost of this machine is 
K), or about $150 per second-foot. The efticiency of rotary pumps 
ow, there being an excess in driving power required over effective 
rk performed. 

MECHANICAL AND SIPHON ELEVATORS. 

Phere are several varieties of mechanical water elevators, nearly all 
which act on the i)rinciple of an endless chain carrying buckets, 
is endless chain revolves on two wheels, one at the upper end of the 
and one beneath the surface of the supplying well or stream. As 
i chain revolves, the buckets dip into the water and become filled, 
1 as they reach the upper end of their revolution they spill their 
itents into a trough which lends it to the irrijxating ditches. Two of 
I more popular patented varieties of mechanical water elevators are 
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$ho. llnk-^eU> bbx. water «)^vator and the Seaman irrigsiting pump. 
Tlje jiik-:1>elt' box * elevator cousiBts of au elongated box whicli is set 
up in an inclined i>08ition over the water supply, at either end of which 
is a wheel of x)eculiar construction carrying on its periphery a metal 
link belt or chain, attached to which at short intervals are wooden pro- 
jections of such dimensions as to fill the cross-section of the box. An 
the chain travels forward these projections are raised, carrying with 
them the water resting upon them until it reaches the upi>er end of tlie 
box, where it is discharged into the irrigating ditch. This machine 
may be operated by animal, steam, or water power, and the largest 
sizes are capable of lifting about 5 second-feet with an expenditure of 
7 horsepower for a 10-foot lift. The highest i)racticable litt of these 
machines is 20 feet, and one of this capacity costs $50 per second-foot 

The Seaman irrigating pump is similar to the apparatus just de- 
scribed, excepting that instead of a series of wooden flights or pro- 
jections lifting water in a closed box it consists of a number of large 
galvanized iron buckets carried by the chain working in the oi>en, the 
buckets being closed on all sides, with the exception of an opening on 
the bottom containing a ball valve retained by a little wire ba>ket. 
When the bucket is filled the ball is pressed down in the basket so 
as to close the opening, and as the bucket reaches the upper part of 
its revolution the ball drops in the basket, permitting the water to flow 
out freely. The largest of these contrivances are capable of lifting 
about IJ second-feet on an expenditure of 5 horsepower, the first cost 
being about $250. 

There is manufactured in France, by Lemichel et Cie, an apparatus 
called a siphon elevator, which is claimed to attain an efficiency of IM 
per cent. It consists of a siphon erected at a fall or dam in a river, at 
a reservoir dam, or in any situation where the lower discharge arm can 
be carried below the suction i)ipe so as to give a difference of elevation 
for the creation of siphon action. At the highest point of the siphon 
are constructed air and valve chambers, the etfect of which is to relieve 
the siphon at that [wint of part of the water passing through it, only a 
portion passing on down through the longer arm of the siphon to k6«p 
uj) siphon iw^tion. It is this <*,ontrivan(!e which enables water to be 
elevated by the siphon to heights as great as nearly 30 feet at sea level, 
instead of being delivered, as by common sii)hons, below the point from 
which it is derived. 

The siphon elevator (fig. 17) depends for its efficiency on the opera, 
tion of the air chamber or receiver and the regulator, which are placed 
at the upper bend of the siphon pipe. At the bottom of the suction 
pipe is a (theck valve wliich allows the ingress of water but prevents 
its escape. At the bottom of the lower arm of the siphon is a stop 
cock which, when open, permits the escape of water, so that when it 
moves a vacuum is created behind it, which is lilled with water, as in 
simple siphons. In action the siphon elevator nmst first be filled with 
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water, and as this descends in the lower pipe and ascends in the apper 
or suction pipe it passes through the receiver (a), where it reaches an 
open check valve which int-ermittently cuts oflF its flow into the regula- 
tor (i>). The water forces this valve {c) forward until shut, and, its exit 
being thus cut off, its momentum raises a puppet valve (d) in the 
receiver held down by a spiral spring. Through this valve the water 
escapes into a storage tank or irrigating ditch. While the regulator 
is being partially emptied into the pipe a vacuum is caused, which 
creates a depression in the corrugated beads of the regulator, as in an 
aneroid barometer, and the pressure on the clack valve (c) being dimin- 
ished, it is thrown open by a weight on a lever, j^ermitting the water 
to fill the regulator once more and the corrugated heads to again assume 
their normal position. This vibratory motion occupies but a brief time, 
as many as 150 to 400 such pulsations taking place per minute, so that 
the flow of water is nearly continuous. 




Fio. 17. — General view and detail of siphon elevator. 
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The capacity of these siphon elevators varies according to their 
dimensions and the height to which they elevate the water, but at sea 
level they have been built with capacities sufficiently great to elevate 
8 acre-feet in twenty-four hours. This is a very large quantity when 
the simplicity of construction and cheapness of first cost of this mech- 
anism — about $1,200 — are considered; and it may be safely stated that 
if further experiment with it shows it to be as effective as claimed 
in the past, it will be a valuable water-lifting apparatus where only 
trifling heights — say 10 to 15 feet — are to be overcome and there is suf- 
ficient fall and surplus water to permit of the wastage caused by the 
operation of the siphon. Batteries of two or three of these siphon 
elevators have been erected, one above the other, whereby, with addi- 
tional wastage of water for each siphon, heights two or three times 
those to be effected by one siphon elevator have been obtained. 
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STORAGE RESERVOIRS. 

The storage reservoir or tank employed to retain water which has 
been pumped when not required for irrigation should be situated at 
the highest point on the irrigable land. When there is but little slope 
to the land it may be impracticable to build an earth reservoir at a 
sufficient elevation to obtain a good head, in which case a wooden or 
metal tank should be used. Such tanks can be gotten from any of the 
windmill makers, and range from 10 to 30 feet in diameter, their dei)ths 
varying between 3 and 20 feet and their capacities from 1,000 gallons 
upward. These tanks (PI. II, p. 30), when constructed of wood, are made 
of the best selected clear pine and are bound by from 3 to 20 iron hoops^ 
depending on the dimensions of the tank. Their prices range from $30 
to $800 each. 

Where artificial reservoirs can be constructed on the land, it is best, 
provided suitable material for rendering them impervious can be found, 
to build them up by constructing about the reservoir an embankment 
rather than by making an excavation in the ground. The reason for 
this is that the former mode of construction places the water surface 
at some height above the ground level and, besides making a larger 
volume of the water supply available, gives a better head for flowing 
it through the ditches. The most economical way in which to constmct 
such reservoirs is to find a gully or depression of some sort in one of 
the higher portions of the land and build across the lower end of this 
an earth embankment. This is rarely possible on the level plains, 
where it is necessary to wholly surround the basin by an artificial 
embankment. 

For the latter type of reservoir the best shape is circular, as such is 
more easily built and has a larger capacity for the same amount of 
material moved (PI. IV, p. 34). The ground should first be deeply 
plowed and stripped of the surface soil, and this loose material be usied 
as a portion of the outer face of the inclosing embankment. The cross- 
section of the latter should be rather flat, its slopes depending upon 
the nature of the soil. Where a firm, clayey gravel can be obtiiined, 
free of vegetable mold and other foreign substances, this will make one 
of the most impervious embankments. It may be given a cross-sectici|l 
as steep as about 1^ horizontal to 1 vertical on the inside, and about 3 
horizontal to 1 vertical on the outside, with a top width of not less than 
4 feet. For less suitable material, as more sandy soil, or that contain- 
ing some admixture of loam, flatter slopes must be used, reaching 
even as low as 3 horizontal to 1 vertical inside, and 3i or 4 to 1 on the 
outside. In every case such an embankment should be built up in 
horizontal layers, well and deeply bonded with the subsurface s^iil, 
these layers not exceeding fi inches in thickness and being separately 
tramped by animals or rolled by heavy rollers as laid. If there ti 
available a gravel containing sand and a little clay matter, the embank 
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3Dt may be built up dry, and will form one of the most impervious 
ructures tliat can be made. With less firm materials a puddle wall 
ould be built up through the center of the bank as it is erected. Such 
puddle wall should consist of gravelly clay, moistened as it is laid, 
id at least 2 feet in thickness for low embankments, its base being 
-nily and deeply bonded with the subsoil. The top of the embankment 
ould reach at least 2 feet above high-water surface (PI. IX), in order 
prevent its being overtopped by waves during high winds, and the 
Iter slopes should be sodded to protect them against erosion by heavy 
Infalls. The reservoir should not be too large for the pump to easily 
1, in which case the percentage of loss from evaporation and absorp- 
>n would be too great. It should be as deep as practicable, for the 
)eper the less its area and the less the surface exi)osed to evaporation 
id absorption. A reservoir 100 feet in diameter and 5 feet deep will 
se nearly all its water in a few months, whereas one 50 feet in diameter 
id 10 feet deep will lose scarcely 25 per cent by absorption and 
'aporation in the same time. 

If homogeneous clayey soil underlies the bottom of the reservoir it 
ill be unnecessary to provide a lining, though there may be some loss 
r water through percolation and absorption. If such a surface is not 
vailable for the bottom, the soil should be removed and the subsoil 
Dvered with a layer at least 1 to 2 feet in thickness of clay and gravel, 
be same being carefully puddled and rolled over the entire surface and 
p the inner slope of the embankment so as to make a firm bond with 
1 Better still, if means permit, is it to line the inner surface of the 
eservoir bottom and slopes with asphaltum. This is put upon the 
enuded subsoil much as is the asphaltum used in paving city streets, 
^ne of the best admixtures is about 75 per cent of La Petra asphalt, 
be remainder being of Las Conchas as a flux, both of which come from 
•ower California. This is boiled in open kettles for twelve hours at 
high temperature, frequently stirred, and 20 per cent of it by weight 
t mixed with 80 per cent of sand previously heated to the same 
)mperature. This should be put on with a thickness, for shallow res- 
rvoirs, of 2^ inches, spread with hot rakes, tamped with hot tampers, 
Qd held in place on the slopes by anchor spikes of sheet iron about an 
ich wide and driven in at intervals of about a foot. This lining should 
3 painted over with a bitumen paint or Trinidad asphaltum fluxed with 
^siduum oil and poured on hot from buckets. Such a lining laid over 
well-leveled and well-rolled surface will last many years, will be imx)er- 
ous to water, and as it will cost but 15 to 20 cents per square foot, will 
•obably more than pay for itself in a short time in the saving of water. 
To control the flow of water from the storage reservoir a discharge 
* outlet gate should be firmly built into the banks in such manner 
at seepage water will not find its way along it and thus erode the 
servoir wall. It should be locatexi at the lowest point of the reser- 
»ir bed, which may be previously graded to slope toward it. Such 
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an outlet sluice may be satisfactorily constructed of wood by build* 
ing out wing walls on both the outer and the inner surfaces of the 
embankments and inclining its bottom ends downward into the ground 
so as to prevent the seepage of water about the resulting box-like 
channel or flume. Additional security against the travel of seepage 
water may be had by running a row of sheet piling tightly connected 
with the box flume back through the center of the embankment for 
some distance. In this box flume should be erected a small lifting gate 
which can be raised to any desired extent so as to permit of the die- 
charge of such volumes as may be re(j[uired in irrigating the fields. 
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PREFACE. 



''he storage of flood waters on a large scale is fast coming to be a 
tter of prime importance in connection with the development of 
arid portions of the United States. The irrigation i)rojects which 
olve comparatively small expenditure, or which can readily be 
idled by associated effort, have already been entered upon, but 
re still remain many localities where, as time goes on, the neces- 
r for water conservation becomes more and more pressing. This 
especially the case in southern Arizona, in the Salt and Gila valleys, 
re, under the genial semitropic conditions, large returns are ob- 
ned from the fertile soil, some of the most valuable fruits are raised, 
1 crop follows crop in rapid succession, farming operations being 
itinued throughout the year. 

?\ie success of agriculture has been such that a considerable num- 
• of large irrigating canals have been built and lateral ditehes 
ended until the available supply during low water has been practi- 
ly exhausted. The streams of this country are, however, extremely 
3gular in character, fluctuating at times with great rapidity, floods 
aing down without warning, and disappearing in the course of a 
7 hours. At certain seasons of the year high waters prevail and 
\ to waste to the Gulf, or disappear by evaporation and percolation 

the sandy desert. It is obvious that by providing suitable stor- 
» works the area of land to be irrigated can be greatly increased, 
> limiting conditions being practically the cost of storing water 
ative to the value of the crops produced. 

rhe conditions briefly described above are not peculiar to the vicin- 
of Phoenix, or even to the Territory of Arizona; they prevail in 
►ater or less degree throughout the more arid parts of the United 
ites, for in nearly every portion of this country irrigation has been 
nonstrated to be successful and largely profitable. Systems of 
ter supply have been built, the more easily available waters utilized, 

1 the extension of irrigable lands now rests mainly upon the con- 
vation of waste waters. It is for this reason that a discussion of 

conditions near Phoenix, Arizona, has an interest not only to the 
zens of that locality, but in general is of value to residents in other 
tions of the West. In certain respects the needs for water are more 
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pressing in sonthem Arizona than elsewhere, and thus the probabili 
ties of early solution of some of the problems of water storage are hen 
more likely to be settled in the near futnre. For this reason the fol 
lowing paper by Mr. DavLs will be of benefit to a larger circle of readen 
than thrjse to whom, from the title, it may appear to be addressed. 

In order to make clear all of the surroundings, Mr. Davis gives t 
general description of the topographic and climatic conditions of th( 
Salt and Gila valleys, and of the irrigation works already constructed 
He alsr> mentions the legal complications which have arisen, and out 
lines some of the projects now being constructed. He x>oints out th 
great natural advantages of this country, and shows as far as datj 
can be procured the facts relating to water supply, evaporation, siltinj 
of reser\'oirs, and other factors which make or mar projects of watei 
conser\'ation. 

At first sight the storage of water appears to be a very simple mat 
ter. In popular discussions it is common to assume that the onl] 
steps necessar}' are to place rock or timber obstructions in some ol 
the many canyons or narrow places along the course of the river ii 
order to hold back the water of floods, and later allow it to flowdowi 
the stream as necessity requires. On carefully examining any projio 
sition of this kind, many obstacles are found to arise, some of these 
natural — such as the difficulty of finding a pro{)er location, the expense 
of laying foundation, and the liability of the reservoir to fill by silt— 
and others artificial or legal, such as interference with vested rights, 
and difficulties of securing title to the stored water after it has left 
the reservoir and is on the wav to the land to be covered. 

A traveler going over the Territory sees here and there almost num- 
berless places where it appeal's pro])able that a storage dam might be 
built holding ])ehind it considerable water, but when a careful survey 
has been made it is usually found that the slope of the stream is so 
great that if a dam were built the amount of water held behind it 
would be relatively too small to repay the cost of construction. 
Should it be found that there is ample si)ace behind the selected dam 
site, further investigation may rev(»al the fact that solid rock can not 
be found at nuxlerate depth beneath the surface. In other words, the 
stream has wash(Ml into the gorge such a mass of loose material as to 
fill it to a depth of 20, 4(), or even GO feet or more. To remove this, 
place the foundation on l)ed rock, and then rear a structure to the 
proper height, will necessitate the expenditure of such large sums as 
to render the enterprise impracticable. This is a very common con- 
dition within the arid region, where the drainage lines, dry for a great 
part of the year, are filled, i)erhaps for a few days or even a few hours 
only, with a great torrent resulting from excessi\'e local rainfall. The 
water discharged down the steep slopes dislodges not only the accu- 
mulated sand and dust which has been ])lown about by the desert 
winds, but rolls along gravel and bowlders into the channels. Even 
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in the narrow gorges through which these sometimes pour the velocity 
of the water is not sufficient, except perhaps in extraordinary floods, 
to tear out the loose material and reach bed rock. Thus the gravel 
and bowlders accumulate during the lesser floods all along the course 
of the stream, covering the dam sites, and form long lines of barren 
wash. 

Not only does the loose material transported by the floods cover the 
bottom of many otherwise feasible dam sites, but dei>osits of this char- 
acter constantly imi)eril and shorten the life of all storage reservoirs. 
The flood waters bear this along, and when brought to rest drop the 
heavier material at first and then the lighter, retaining only the finest 
particles, the greater part of which in time may settle within the inter- 
stices of the coarser. Thus the upper ends of all reservoirs are rap- 
idly filled with silt, and it becomes an important question to the 
projectors of storage works as to how many years will elapse before 
the value of the reservoir is practically destroyed and whether its 
use can be restored in part by subsequent removal of some of this 
material. 

The legal obstacles are in many localities no less vexatious than 
those offered by nature. While many principles have been settled in 
regard to the use of water for irrigation, their application to particu- 
lar cases is still a matter of doubt. Even in the case of persons 
diverting water from perennial streams there are innumerable con- 
troversies whenever a shortage occurs. But when a portion or all of 
the surplus water is being held in reservoirs and returned perhaps to 
the same stream, to be again recovered, there can not fail to be still 
greater complications than those now brought to the attention of the 
courts. The primary cause of most of the contentions which arise is 
the lack of exact knowledge concerning the amounts of water which 
are flowing in the streams from day to day and the quantities taken 
out by different canals. These are not only fluctuating, but the mat- 
ter is complicated by the disappearance of water by evaporation and 
the reappearance of other waters in the natural drainage lines by 
seepage from canals above, or from the slow progress of water coming 
originally from rainfall and finding its way gradually toward the 
lowest points. 

When one has noted the interminable lawsuits over water rights 
and appreciated the fact that most of these are due to lack of precise 
J:nowledge as to past conditions, it appears almost incredible that 
greater care is not being taken to ascertain exactly how much water is 
flowing at different points in the natural streams, especially in view of 
the fact that later large investments are to be made in storage projects. 
It is, however, a lamentable fact that very little attention is given to 
this matter, mainly perhaps because the persons investing in irriga- 
tion works are usually from humid climates, and it never occurs 
to them that rivers do not always have water to spare within their 
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channels. Yet in southern Arizona, where, as in other portions of the 
arid regions, the rivers at certain seasons of the year diminish and 
even cease flowing, enormous investments are being made upon crade 
assumptions as to the quantity of water available, these assumptioiiB 
being supported only by a few isolated facts or measurements. 

The determining point in the construction of storage works, after 
their feasibility has been settled upon, is whether they w^ill pay— 
whether the value of the water thus obtained and the benefit>s derived 
are sufficient to make the projects remunerative. The answer to this 
question depends largely upon what may be considered as profitable; 
for example, if these storage reservoirs are under consideration by 
corporate enterprise, it will be necessary to show that the annual 
water sales or rentals will not onl}" repay the expense of management 
and a fair interest on investment, say 6 or 8 per cent, but will also 
yield a surplus which can be used as a sinking fund to repair damages 
or ultimately cover the cost of the works, should these be gradually 
deteriorated by accumulation of silt. The aggregate of these items is 
large and may amount to 10 per cent or upward. Thus it is neces- 
sary to show that the storage works will, after completion, pay for 
themselves within a brief period; otherwise individual capital will 
not be attracted. 

If, on the other hand, these reservoirs, or the l>est of them, are built 
by the whole community interested or by State or national funds, the 
question of immediate profit does not enter so largely into the calcu- 
lations. In this latter case the indirect benefits to be derived by the 
people offset to a certain extent the interest charge, and if the works 
can be shown to pay the cost of maintenance and provide a small 
sinking fund, they may be considered as feasible. Thus it is that a 
project which will be condemned by the investor as worthless may at 
the same time be of the utmost value to the community and one which 
would well repay cost of construction if this cost were distributed 
uniformly to all benefited. 

The situation in the Salt and Gila river valleys is fairly typical of 
that elsewhere as regards the probable profits to be obtained by con- 
structing storage reservoirs. Briefiy stated, it may l>e said that the 
canal systems already constructed or partially completed cover a 
larger area of land than can be supplied by the average summer flow 
of the streams. Water from reservoirs is needed for lands already 
under ditch and whose owners have already purchased water rights. 
There are alx)ve these ditches still larger tracts of land which would 
be valuable if water could be hail, but it is apparent that the greatest 
good would result from securing an ample supply of water to the 
lands already partly cultivated rather than indefinitely increasing the 
area of poorly watered farms. 

If a corporation contemplates building a reservoir within the Gila 
Basin, the first question is. Shall the attempt be made to sell the water 



DBPABT.MKKT Ol' THK INTKIIIOK 



WATER-SUPPLY 



RRIGATION I^APERS 



UNITED STATES fiEOLOCIOAIi Sl'RVEV 



]sro. 3 




WASHINGTON 

OOVEEMMRNT I'HINTINO OFFICE 

18»7 



14 PREFACE. 

the cost of construction, rather than attempt to supply water to land 

already under ditch and partly inigated. 

Some of the best storage projects, however, are so situated that th 

water can not be taken readily to new areas, and it appears prol 

able that these, although among the most important in the countn 

can only l)e constructed by the adoption of some scheme by which ai 

of the lands of the valley l)enefited directly or indirectly will be force 

to contribute an amount equal to the l)enefits derived. This is possi 

ble only under some system similar to that of the district organizatioi 

in California, where all of the lands receiving water from a give) 

source are assessed. Here it is not necessary to consider whether th 

enterprise will be money making in itself. Thus it is possible to pus) 

forward the construction of beneficial works which otherwise neve 

could be built. 

F. li. N. 
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drainage lines and almost destitute of water. Sharply contrasted with 
these factB are the conditions on the southern sloi)e. Here, throu^ 
most of its course, the plateau drops off with a very steep slope, whidi 
is deeply cut with drainage lines in which are living creeks and Hmi- 
lets of clear, beautiful water, such as San Francisco River, Black Creek, 
Honito Creek, White River, Carrizo Creek, Cibicu Creek, Box Creek, 
Cherrj^ Creek, Tonto Creek, Wild Rye Creek, East Verde River, Pine 
Creek, Fossil Creek, Clear Creek, Beaver Creek, etc. 

Tlie region of high altitude, as before remarked, lies largely north 
of the divide, while the great bulk of the water flowing from the 
phiteau, as pn)ved both by erosion of drainage lines and by the vol- 
ume of permanent sti'eams, flows away to the south. The explana- 
tion of this is partly the porosity of the strata composing the plateau, 
which allows the water to sink instead of flowing off the 8urfa<;e. 
Once underground, its egress to the south is favored by the shorter 
distance which it must percolate on a given grade before reaching a 
surface, due to the more abrupt slope. 

Another partial explanation is found in the meteorological condi- 
tion. The moisture of this region is brought from the Pacific Ocean 
and the Gulf of California by the prevailing southwest wind. As thia 
wind avscends the elevations toward the Colorado Plateau, its tempe^ 
ature is lowered, which reduces its capacity for holding moisture and 
increases its relative humidity. When this quantity reaches 100 per 
cent in any part, precipitation occurs. This influence continues until 
the wind passes the summit, where the process is reversed. 

As might be expected, therefore, the hydrographic resources of the 
country immediately southwest of the Colorado Plateau are dispro- 
portionately great when compared with those to the northward. For 
instance, the precipitation at Fort Apache, as shown by a mean of 
twenty years' observations, is 19.75 inches, the elevation being 5,050 
feet, while the precipitation at Holbrook, at an elevation of 5,047 feet, 
on the northern slope, is 8.47 inches, as indicated by the mean of ten 
years' observations. This is an important fact, especially when taken 
in connection with the fact that the great areas of valley land with a 
semitropic climate lie in the southwestern portion of the Territory, and 
are easily covered by the streams which are formed b}' the conditions 
above described, and which constitute the main features of the great 
(xila river system. 

GILA BASIN. 

The drainage area of Gila River, including a number of small lost 
l)asins which are topographically tributary but which seldom or never 
furnish any run-off to the main stream, is about 72,000 square mile^, 
of which nearly 57,000 lie in the Territory of Arizona, about 14,000 
in New Mexico, and something over 1,(X)0 in Mexico. The arcsis in 
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the United States are distributed, with respect to elevation, approxi- 
mately as follows: 

Distribution of area of Oila Basin by altittide. 



Elevation. 



Under 1,000 feet 

Between 1 ,000 and 2,000 feet ... 
Between 2,000 and 3,000 feet ... 
Between 3,000 and 4,000 feet ... 
Between 4,000 and 5,000 feet . . . 
Between 5,000 and 6,000 feet . . . 
Between 6,000 and 7,000 feet ... 
Over 7,000 feet 

Total 



Per cent 

of area 

of basin. 


Area, 

sqnare 
miles. 


9 


6,400 


19 


13, 500 


16 


11,400 


14 


10,000 


15 


10,700 


12 


8,500 


8 


5,600 


4 


4,900 


100 


71,000 



Gila Basin is conveniently divided into four parts. Of these, the 
most northerly is Salt River Basin, which includes all the territory 
tributary to Salt River. This again is sharply divided into its valley 
and mountain portions. Salt River Valley (see map, PL XXX) may be 
taken as including all the territory adjacent to Salt River from its mouth 
up to the junction of the Rio Verde. Above that point the greater 
portion of the basin is mountainous, with small valleys on the Rio 
Verde, in Tonto Basin, and at a few points on Salt River and other 
tributaries. The Lower Gila district may be taken as the portion 
lying below the mouth of Salt River; the Middle Gila district, that 
portion from the mouth of Salt River to The Buttes above Florence 
and including the Pima Indian Reservation and the great Casa Grande 
Valley. The Upper Gila district includes the valley in the region of 
Camp Thomas and Solomonsville and the tributary mountainous dis- 
tricts. In addition to these main divisions of the trunk streams may 
be taken the subordinate divisions of tributaries, such as San Pedro, 
Santa Cruz, Hassayampa, and Agua Fria creeks. 

TEMPERATURE. 

The tables of temperature for the Gila and Salt River valleys show 
that the climate is very warm. But care should be taken not to exag- 
gerate this feature, for the actual conditions in their relation to human 
life and comfort are by no means as unfavorable as they might appear 
to persons comparing these tables of temperature with those of some 
Eastern localities. For about eight months in the year the tempera- 
ture of this valley is delightful. Cool nights, bracing mornings, and 
IBB 2 2 
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bright, pleasant days are the rule, except in the months of June, July, 
August, and September. In these months the heat becomes intense, 
and though there is of course some variation, the temperature remains 
continually high throughout the greater part of this period. 

The physiological effect of this heat is markedly modified by the 
aridity of the climate. The human economy' provides that when the 
temperature of the healthy botly rises above the normal the perspira- 
tory glands begin to act and furnish the skin with moisture, the 
evaporation of which lowers the temperature of the body. An essen- 
tial condition of this natural safeguard against excessive heat depends 
u][>on the readj' evaixiration of the moisture furnished by nature. In 
a very humid climate this evai>oration can not occur; and in those 
portions of the countrj- where the humidity is comparative!}' hig^ 
such evaporation must be proportionately tardy and sluggish, so that 
any considerable temperature above normal blood heat prodaceg 
gi*eat suffering and exhaustion, and even prostration. In an arid 
region, on the contrary, the low percentage of humidity causes prompt 
and quick evaporation of the moisture and the consequent success of 
nature in its attempt to prevent uncomfortable and injurious bodily 
temperature. In southern Arizona these favorable conditions for 
resistance to heat are at their maximum. Though the temperature 
is high, the relative humidity is verj^ low, and every particle of 
moisture which reaches the surface of the skin is promptly evap- 
orated — so promptly that its presence is not perceived — and while 
the body is thus kept at its normal temperature the unpleasant effects 
of excessive moisture are not exi>erienced, and the sultry, sticky days 
so common in the East are unknown in Arizona. 

The principles involved in these facts are frequently illustrated to 
the sojourner in southern Arizona in the following manner : Riding 
in a wagon or buggj' in the mouth of July the traveler may feel greatly 
oppressed and enervated by the intense heat; the climate seems well- 
nigh insupi)ortable; but if he will get out and walk for a short time, 
the circulation induced by the exercise starts the perspiration and the 
traveler is surprised to find himself greatly refreshed, and he may 
then resume his ride in comfort. Farm labor, the construction of 
canals, the rounding up and branding of cattle, and other active, hard 
labor are performed at any time in the summer with less comfort, of 
course, but with no woi*se effects, than at any other time of year, and 
without actual suffering, the only requisite being plenty of drinking 
water. 

A fair comparison of the sensible temperatures of two places may 
be obtained b}' a comparison of the readings of wet -bulb thermome- 
ters. The difference between the readings of wet and drj- bulb ther- 
mometers here often exceeds 30 degrees. The summer is, therefore, 
far from being as uncomfortable as might be supposed, and the delight- 
ful autumn, winter, and spring fully compensate for the discomforts 
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of the summer months; and the climate, taken as a whole, with its 
extreme aridity, its mildness, and its large proportion of sunshine, is 
exceptionally healthy and especially beneficial to those suffering from 
bronchial or pulmonary troubles. 

RAINFALL. 

Rainfall records of Arizona, from the date when they began up to 
and including the summer of 1890, were prepared by Capt. William A. 
Glassfordand published in a Report on the Climatology of the United 
States, with Reference to Irrigation, by Gen. A. W. Greely, Chief 
Signal Officer.^ Later records may be found in the various annual 
and monthly publications of the Weather Bureau, and it is deemed 
of Talne to reproduce some of them here, brought up to date, partly 
becanse of the scattered condition of the original records, some of 
them being now out of print, and partly for the reason that for pur- 
poses of irrigation the season is best divided about the end of August. 
Rainfall occurring after September 1 can not in most cases be relied 
upon for irrigation use in that season, but may be stored for use in the 
following year. Precipitation occurring before this date may usually 
be utilized the same year, especially if storage is provided. 

No arbitrary line can be drawn separating the precipitation avail- 
able in one year from that available only by storage for the next, but 
it is thought that more cases will occur where September precipitation 
can be used the same year than where August precipitation can not, 
and that it is fair to divide the season as above indicated. For the 
convenience of those contemplating storage works, therefore, the tables 
are rearranged and the total annual rainfalls recomputed on this basis. 
A glance at the annual and monthly means shows at once that agri- 
culture in the valleys of southern Arizona must depend entirely upon 
irrigation. 

Short fragmentary records in Arizona are of very little value, on 
account of the erratic nature of Arizona rainfall, which is peculiarly 
marked dunng the summer rainy season. This season is characterized 
by sudden violent local thundershowers, often called cloudbursts, 
and while in a long series of years such local storms probably distrib- 
ute themselves with a fair degree of uniformity over districts governed 
by the same general conditions, yet a short record may be so affected 
by them as to be abnormal. A station receiving one or more storms of 
this character, or being avoided altogether, as is likely to occur in a short 
record, may give results that will be very misleading. For instance, at 
Fort I-iOwell, which is but 9 miles east of Tucson, and only 4 feet lower, 
there feU during July and August, 1878, 0.60 and 7.88 inches of rain, 
resi)ectively, while at Tucson during the same months the rainfall was 
5.72 and 4.71 inches. Such discrepancies would probably disappear 



^ Fifty-first CougreBS^ 2d session, H. R. Ex. Doc. No. 287, Irrigation and Water Storage in the 
Arid Regions. 
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in the average of a long series of observations. Very short recoida, on 
account of the great secular variations even in countries of greatett 
uniformity, can not be depended upon as giving the average rainfall 
for the region in which they are taken. In this clintate, for the re»- 
Bons given above, they are of little, if any, valne, even when a long 
record exists in such situation that a comparison of its mean with that 
of the short record may be made. 




Fio. 1.— Uap of Arizona. BboiHtis location i<f raiatftll stations. 



1b a region like Arizona, where the water supply bears such a vital 
relation to its prosperity, and where, moreover, the means available 
for keeping rainfall records are limited, raiiifall stations should be, 
and usually are, so far as practicable, widely distributed over the Te^ 
ritory, in order that all varieties nf elevation, tojiography, latitade, 
aud climatic conditions may be repi-eaented. Sueli records, if cate- 
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folly kept for a long series of years, say twenty ot more, become val- 
aable for determining the actual rainfall to be expected in any par- 
ticular locality by means of a short record embracing four or five 
years. The comparison of such short record with the synchronous 
record at the station of long observation establishes an approximate 
relation between the point under investigation and the point at which 
the long record was taken. In a similar manner a comparison may be 
made between the measured discharge of any given stream and the syn- 
chronous rainfall at the old station, and in a few years a relation can be 
thus established from which may be derived an approximate hypothet- 
ical history of the stream or hydrographic basin under investigation. 

The value of these old records, which, unfortunately, are very rare, 
depends chiefly upon their continuation. It may be broadly stated 
that the older such a record becomes the stronger is the argument for 
continaing it. It is especially to be deplored, therefore, that some of 
the old records in Arizona have been discontinued. For instance, 
Fort McDowell, having in 1891 the oldest continuous record in Ari- 
zona, was In that year discontinued, and has not since been resumed. 
A great part of the value of this old record might be restored if it 
were practicable to reestablish the station. 

A selection has been made of 16 stations, most of them having a 
record covering at least fifteen years, so distributed as fairly to indi- 
cate Uie means and extremes of precipitation in the various portions 
of the basin. A short record at Pinal ranch, not hitherto published, 
is also included. These records are contained in the following tables : 

Record of precipiiation at Fort Whipple, Yavapai County. 
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IBBIOATION NEAB FHCENIX, ASIZOHA. Im 

Record of precipitation at Fort Whipple, Yavapai Covntif — Contitiiieil. 
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i.t<K 


rt.flB 


i.n 


U.8£ 


l.-ln 1.6H 
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Record nf precipitation at Fort Terrf*, Yavapai County. 



Sept.lOct. INov. Dw. JaD. FetLlMu. Apr. Uar-'ai 
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0.01 jO.BOiO.IS I 0.00 I 
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OILA BASIN. 

Record of precipitation at Fort MeDotcell, Maricopa County. 
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Record of pm-ipitatio:i at Fort Apache, Savaj'o Count;/. 

I', longitude lOOo 57 
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I IBKIOATION HEAR PH(ENIX, AHIZONA. (>» 

Beeord of precipitation at Pinal Banch, Pinal Count]/. 
[Idtltode 33° ac. lonvitnde llOO K-. sleTBtion. 4.(01 feet. Anthoritr, Irion and Cnls-] 
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Beeord of precipitation 

(Latltade 3:^ 20', loiiffitiid« 1: 



at Phantc, Maricopa Covnty. 
ition. 1,088 feet. Authority, Weather Bi 
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Record of precipitation at Fort Boirif. Cochige Cmtnly, 
[Latitude ,T2" 12', longltadp 100" ao'; i 



v™. 


Sept 


Oct, 


Nor, Dec, Jan. Feb, Mar, Apr May. J 


u„e. 


July. Aug 


TotBl. 


W(iB-«7- 






; ] : 




2.6T 






1-70 


T, 








18. ra 


1888-88. 


3,15 


T. 


0,70 ' 0,00 0,10 '3,50 0,30 0.15 0,(10 
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] GtLA BASIN. 

Record of predpUatiim at Fort Bowie, Coeki»e Coaniy— Continued 
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4.M 
0-00 

res 

0.03 

0,«S 

IBS 
S.70 


■t. 
0.14 
t,00 

0,(e 

0.15 
O.0S 
11,29 

D,00 
0,00 
fl,07 

o,a 

T. 

0.69 
fl,0O 
«.41 
0.00 


T, 
0,«» 

0,90 
O.00 
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20.43 
20. Si 
l«-38 
lfl,lB 

ii 

14,00 
U.ST 


















l.« 


«.H) 


O.B(l( 1.25 1.0* 


l.H 


x-^Wx. 


0.30 


o.«i 1 a.m 3.B9 1 lu 


02 



iecord of precipitation at 
I', loDgltade 100° tS': elevKtlon 



Wilcox, Cochise County. 

. 4,104 foot. Authority, WoMhor B 



Y-r, 


Sept 


0.t-N 


.V 


Dfc 


Jan, Feb, 


Mar. 


Apr. 


Mar.',laau..jQl]-'AaK 


ToUl. 


IM^Jl 





4.01 


W 


ftffijo.no 


2.M 


T 


O.OO [O.OOy 3.B7 , 5,17 


IS. 55 


1981 -ffi 


.. 0.00 


i.aa ( 


00 O.0O 


:o.Jifi] 1.15 


o,nii 


0.00 


0.00 [090}lo.ll 3-4« 


fl.2S 


iws-si 


.. l.M 


0,00 ( 


S8!0.ffi 




31 


0.41 


0.00 


0,33 0,03 1,mI3.15 


V.M 


1HO-S4 


.. 0,« 


o.aa ( 


3a,o.m 


0.80' : 






0.00 


O.n0 0.04 1.17 l.M 


sao 


18»l-« 


.. ftU 


S-W ( 


36 3.4» 


0.flS,i 




1,W 


0.48 


[0,30]: 0.3* 1,78 


3.10 


14.13 


im-m 


.. 1-11 




M 0.1U 


[8.4W1J; 


00 




0.01 


<l,0O T. 0.x 




8.63 


18M-87 


.. l.« 


4,30 ( 


Ee DM 


T. ' : 


>0 




0.413 


0.4« 1 0,47 3,83 


B.3I 


14-ft« 


lS87-a 


.- 2-« 


4),45 t 


S3 0,03 


0,38 : 


!1 


1,13 


0,03 '0-14 |0,m|3.fl8 


0.43 


11.80 


l(«8-8[ 


.. 0-50 


I.IS ] 


sa ■i,j?r 


] 


31 1 


on 




0.O* 0,00 


0.13 1 4.01 


0,97 






- 3,«l 


0.83 


T, o,aa 




Al 1 




0,2S 








15.15 


ia»-»i 


-. l.»7 


0.M ( 


43 


0,72 




!a': 


tfi 


n.x 


o,(w o.sr 


0,07 1 T. 


3.10 


e.BS 


1»1-B2 


.. «.S 


O.00 r 


00 


O.AS 


( 


W ; 


4.1 


n.H4 


o.ffl l.os 


3.00 O.OT 


O.M 


8, Sit 


H«a-BB 


.. 0.x 


0.* ( 




0.17 




DO' 1 


10 






0.00 1 1.74 




4.85 


IMB^W 


.. 0.«1 


4).00 1 




0,00 


( 


ai ; 


37 


0,77 


0.00 0.00 


0,00 1 0,00 


l.W 


S.«» 


1*W4-«S 


.. 037 




00 


n.flT 




11 4 


on 


D.OO 




0.00 1,B3 






iHKi-Ba 


- 0-11 


cm I 1 


GS 


0,40 





ST 1 


<a 


D,OS 


o.flo 0,01) 


0.00 1,40 


1.77 


0.76 


Xtm 


.. 0.08 0-BlU 


40 


0.70 lo 


«|o 


sa 


0-74 


o.,B 1 o.sr 


o,sa i,m s,48 


9, SO 



IBRIOATION NSAR PHCEKIX, ABIZUNA. 
Record of predpitatUm at Fort OratU, OraAam Cauntf. 



[lAtiMdi 


as-aa 


, longltiiile 




AothoritT. Waattav Botmo.] 


Teu-. 


eept 


Oct. 


Nar. 


Dec. 1 Ju. 


FeU 


Mdt. 

i:i 

0.44 

o,ao 

0,«7 
0.ti 

0-8* 
080 

1.A4 
1-S7 
3.87 
1,40 

o,sa 

T- 

A.«a 

1,04 
0-M 
0-£« 
1.00 
1-M 
O.M 
«,0« 
0.34 


Apr. 

0.00 
0,« 
!,« 

«.U 
0-18 
07 
4J.08 
0.84 

o'ofl 

fl.47 
<I.U 

o.ao 

0.3B 
0.50 
0.13 
0.B2 
6.0(1 
0,64 

0,13 
0,07 


Ifay. 

0-fio 

0,«! 
0,011 

0,«8 
0,00 
0,00 
0.00 
0-28 

1-18 

n-si 

0.2B 
0.W 
0.18 
O.IA 
T. 

1.40 
0,8S 

0.37 

o.aO 


Jmw. 

0.00 
0.W 

o!oa 

0.3t 
DM 
1.S3 
T. 
1.4T 
i.M 

O.TS 
0.5- 
0.85 
0,02 

i.oe 
o.ao 
o,to 

0-00 

0,00 
0-U 


July. 

1-70 
2.70 

;-« 
i.tt 

o.« 

i-M 

&.fia 

x-M 
a87 
«.« 

s.h. 
o.no 
J.« 

3.BT 
&S 
1.18 
0.86 
4.» 
2.55 
1.0B 


AuB- 

B.SD 
2.01 
1-08 

T.41 

o.on 

4,W 

1,12 
3.73 
6.47 
4.73 

2,41 

8.40 

a" 

1:« 

I.2S 
1.00 
2,00 

1,W 
4.0S 


Total 


187E-7B... 
18^3-71... 
H7t-76. . . 

ins-Te... 

1H7«-TT-.. 
l»n-T8... 
IKTH-TV... 

i»i»a-83.- 

1BB8-M-.- 
1WH-8S..- 
18M-W... 
1BMM7.-. 
lt«K:-»«... 
!«*-(«.. 
HKfl-OO... 
IWD-Vl... 
1«1-(B... 

iraz-tQ.- 

IBKI-M... 
1SW-«S... 


o.od 

*.5t 

i.rt 

2.88 
O.W 
IK 
1.111 

o.eo 

:;^ 

8.49 
4.20 

;: 

1.21 
D.11 
3. ST 
0.1* 


l.« 
i.oe 

O.0O 

1.11 

3.06 
0.03 
0,B7 
11.37 
I.IB 
O-H 

i.ai 

0.09 

0.4H 
T 
1,10 

1.31 


3.38 
a,a) 

0.10 

l.flO 
0.00 
l.W 
0.W 
0.00 

o.oe 

O.JB 
0.11 
0.fi3 
1-30 
0.10 

3.67 

0.1S 
4.40 

O.0O 
2.05 


(1.00 

1,75 1 1.5» 
3-78 2.4« 

2-16 <J.S3 

1.3S o.dn 

1.S7 ■ 0.05 

0-17 i.ei 

1.44 ,1.12 
0.0B 0.11 

3. TO l.M 
0.81 ' 0.3) 


i.a 

0,50 

0,4H 
0.33 

1.40 
4. IK 

i 

3.78 
l.BO 

°,z 

0,37 


... 

30. a 

2LM 

Ut-M 
10,06 

ii 

14.08 

lg.H 

18. n 
i4.a 

tt51 

i 

9.45 
10.07 
UU 
ll.tB 

12.41 


M«u.. 


i,w'o.«. 


o.Ta 


1,42 0.H.ll,» 


1.02 


<,.m 


0.W 


o.«, 


a. 32 


3,<« 


15.45 



Record of precipitation at Fort T)ioiiias, Graliam County, 
1° 04Monp!tnde Ue= fll'; elevation, 2. 



Twr. 


Sept Oct. jN 


„,lD...Jj„,'p.b. » 


ar,|. 




1 








.. 0.65 10.18 


03 1,27 0,C9 0-13 1 


21 1 


881-82 


-. l.S5|0,4fl'< 


32 0-40 10.33 1.01 ( 


70 : 


.88a« 


„ 0,38 ! 0,00 1 


7TI 0,46 11,23. 1,54 1 




.883-84 


.. T. 0.S2 i 


«0\ 1,07 0,45 ■2.04 If 




884-SS 








.885-M 


„ .,,«;io,ol'. 


38 0.n 2.]fi ,1.4ol( 




.888-87 


,. 1,18 1,12 1 


in 'o.m ; u.i»i o.m , ( 


00, 


.«87-8f 




52 1.05 O.M,1.0fl 1 




.8aH-8» 


.0,55 2,80 


72 1.66' 1,47 l,»i j( 


sol 


.8ie-ec 


., 0,38 1 0,20 1 


34 1 1,18 1-02 0.48 ( 


4.'> 


iwo-w 


,, 0.75 l,ail 


W '0.90'0,:2.2,H8'0 


4(1 ' 


Mb* 


,, 0.t>l 11.6ft ( 


50 ' 1,27 'I/Si l.:i4 ' 1 


le' 



,-. 


M.y, 


J™e 


™. 


Av. 


Totall 


IV 


o'lo 


fl„ 








83 


o.,r7 


0,00 


4,18 


2.40 


W-77 






1,26 










0.7B 




1.85 


2,B2 


10.77 


72 




0,'i2 


0.M 


2.04 


12.13 


u 


o.od 


0,18 


2,»3 


2.43 


14.90 


24 


0.00 




0.10 


4 02 


S-4« 


31 


2,73 


0,35 


3.78 


2.53 






0,33 




1.88 


0.64 


12,33 


10 


0.00 


T, 






1S.M 


21 




T- 


2.02 


4,11 
















,.," 


7, ~ 








"-"" 



OILA BASIN. £ 

Beeord of precipitation at San Carioi, CKIa County. 

n'; elevfttloti. S,ua fMt. Aathorltjr. Wektber Bare*n.] 



Ve«r. 


Sept 


Oct. 


Nov. 


°~ 


Jul. 


Feb. 


M«r- 


Ap. 


"■''""•■ 


July. 


AuB. 


Total. 


188(^61 






















111 


l.]3 

2.ie 

0.47 
12B 
0.-03 
2,48 
S.10 
163 

a.20 

0.S7 
1.30 

0.B0 

0.8S 
3.f8 


S.B3 
fl.OS 

l.K 

3.19 

l.fiA 
0.10 
0.87 
3.11 
1,00 

3.18 
S-08 
S.30 
O.ftS 




U81-83 
188J-M 

U«4-es 
iew-86 

MeB-87 
1SS7-S8 

igse-M 

ISOMl 
18S0-H 

UBS-ee 


:: 


l.«4 

all 

D.SB 

:;^ 

:i.«e 

o.» 

O.Wi 
A.OA 
!.M 


1 
6 



I 


13 
«4 

n 

73 
M 

OD 
116 

00 
OG 
« 


COB 

{1.00 
0.fiS 

O.M 
(0.»] 

0.10 
2 12 

D.U 
0.34 

3.12 


o,ss 

0.M 
2.*? 
5.48 

0.00 
1.45 

s.«a 

0.£! 
0.3T 

0.1& 


1.2* 

i.nn 
l.Oo 

!>.«. 

T. 
0,S2 
1-83 

0,7S 
l.SD 

o.m 
0.4a 


I 


90 
& 

IS 
03 
33 

EG 

b5 
37 


0.fiS 
0-71 

i.as 

;:» 

Vi 

0.17 
l.£l 

1.11 

0^60 


0.S* 
o,oe 

0.3 

o.oo 

1.31 
o.oo 

0.00 
0.11 

T, 




« 

4) 

," 
n 




71 

sa 
as 
a 

o» 

00 
(A 
31 


l.OB 

o,at 
0.00 

0.00 

6.(6 

T. 


18.00 

11. 3£ 

uZ 

10. ta 

8-08 

13. oa 

».70 

e.si 


Mm» 




O.M jO 


KG 




i.ii j 1 


n\ i.K 


0,28 


" 


S 0.1S 


l.W 


K,3S 


13. (» 



Record of precipitation at Benson, Cochise County. 

[latltnda ?a> fXy. longltade 110° 22'; elevktlon, 3.M0 feet. Aathorlty, Padflc Bailway S; 



Y«r. 


Etept-'Oct. 


Uov. 


Dec, 


j«i. 


Fob, 


Mar, 


Apr, 


«.y- 


Jone, 


July. 


.„. 


ToUl. 


18t»«I 


..[o.n] 


0.0O 


0,00 


[I, Ml 


fl,on 


0,0C1 


0,76 


0,00 


0,00 


0O2 


S,17 


1,83 


BIS 


1881-8S 


.. fl.M 


0.3* 


0.00 


O.0O 


0.40 


1.20 


0,00 


fl.on 


fl.W 


0.M 


i 


00 


ll.HH 


B.3T 




.. o.aG 


ooo 


0-flO 


O.lfi 


O.ISS 


0.«3 


S--OS 1 0.00 


0.42 


0.18 


i 




2.78 


11.2B 


ISBS-W 


.. 0.10 


0.21 


0.<17 


0,S1) 


o,ai 






T, 




O.OO 


1 




ns7 




1881-B5 




s.m 


T, 


3,80 


n,nii 


O.M 


0,OT 


11.00 


O.OO 


0,7B 


( 


w 


1.41 


B.5S 


i»a-8( 




0.00 


a.M 


0,1V 






O-08 


o.on 




O.fl0 






2.m 


8. OB 


lS8tt-«T 


.. 0.!7 


0,28 


0,fl)i«,19 


0,00 


n.-M 


0,«l 


T, 










iaa 




1887-«f 


-- 2.02 


0,16 


(1,87 


«,15 


fl.Oi 


o,<n 


0,30 


J). 00 


o,sr 


o.flo ; 


<1 


l.m 


B.70 


1888-M 






1,11 


1,00 


0B3 


O.oJ 


0,83 


0.00 


o.nn 


0.fl8 i 


lA 




8.39 


]S8^« 


.. 1.0* 


0,08 


O-W 


1,33 


1.81 


0.OO 


0,00 


0,ffl 


0,00 


D.52 r[2 


SO- 


1-81 


12.12 


neo-m 






am 


1.18 




1,31 


0.1K 


0.00 




0-iSl 1 




1,81 


8. 82 


1801-« 


.. 0.8* 




0.40 


0,38 




1-A) 


o.*o 


0,12 


0,00 


O-OO i 


no 


0,07 




ises* 


.. o.oa 


0,00 


«,«» 


[0,83 


o.uo 


o.ai 


aw 


COO 


0.7tl 


0-OD 2 


8B 


a. 03 


8.26 








o.oo 






l.M 


0.10 


fl,flfl 


0.00 


O.lO ] 


«l 


2,(B 


S.80 


1BM-B5 


- 0-»6 




0,00 


4),fl 






■o,ir 


0,00 


i.in 


6-flO 1 


13 


1.20 




ma-K 




0,00 


0,00 


COD 


0,10 


O.OO 


O.IE 


0,00 


0,00 


0.00 , 


00 


D.eo 


*.77 


Heu 


.. 0,71 


0,31 


0,18 


*,aa 


o.ao 1 0,51 


oi7io,o. 


0.18, 0.21 jl 


08 


2.10 


,.„ 



28 IBBIGATION NEAB PHIENIX, ARIZONA. 

Btcord of precipitation at Tueaon, i*ima County. 

lLBtitDdemoU'.loiigltnde]IO°M': Hl«TBtlan,S.«i>lfiiet. AnthorJtr.PaelflcBaUnr Sr^aBui 



r" " 

Year. 


8ept 


■>">"'i°" 


Jul 


Feb. 


»u. Apr. 


M.T 


.^ 


JvlT 


AoB-i Toul 


IBTS-Ta 




,ll.l8U.ftl 


0.* 


D.3S 


l.» 1 0.00 


0.00 


0.1V 


HTl 


4. IB 




II!76-;T 


.. !.» 


n.WI |0,7i 


v.m 


a 19 


!.SB 


0.80 0,S7 


U.41 


0.00 


S.01 


o.oe 


UL)6 


isn-jH 


., 2.U 


o.« 


0.00 


3.91 


0.3S 


1.00 


i.n o.sa 


O.OO 


«.« 


s.n 


4.71 






. 0.1» 


D.OD 


i.ai 


«).M 


£.« 




0.89 6.te 




am;0.»t 


1,78 


449 


vcvso 


. 0.71 


«,« 


o.«) 


a SI 


II, S6 


O.IS 


0.41 O.IH 




T. 1 1.M 


1.S8 




vim-a 


- 1,* 


0.09 


0.00 


0.W 


0.06 


n.2is 


i.iT o.a 


0.04 


0.00 6.m 


S.B3 


14.K 


lWl-82 


. i.3T 


4).« 


o.in 


a.it 


i.rs 


IM 


O.-U O.GS 


n.in 


o-wja-ea 


<i.n 


1T.» 


188B-83 


. a«i 


ft 00 


1.12 


n.n 


l.^^ 


11. Bl 


1.1* T. 


o.as 


O.08 1 ia> 


i.ifl 


A<3 


isisM 


. 0.10 


0.95 


O.0E 


0.™ 


o.st 


Ob 


i.ei ftij 


o,a 


«.a 0.9 


l.U 


B.M 




. o.» 


S.H 


a.Mli.fi 


O.OO 


o.« 




0.00 


0.18 1.00 


i.» 


ILB 


ii^-flb 


. 0.1* 


0.09 0.U 


l.Ot 


1-01 1 0.30 


0.S 1 U.00 


(uo 




2.*T 




lMO-87 


- l.ocr 


0.31 D.U 


».4I> 


0.00 O.AS 


0.00 U.3» 


n.3t 


0.j« 


vw 


l.S 


10.» 


iw;-f8 


. i.(« 


1.18 ■ -0.51 




0-t3 0.5? 


1.08 T. 


0.K 


(1.M 


1.M 


o.aE 


10.11 




. 0.W 


0,78' 2,08 


l.B» 


1,;* i-oB 


1,98 0.18 


T, 


0.30 


A. no 


E.<M 


ii.n 


IHM-BO 


, S.T3 


0.3a I). 33 


1.S8 


1.W 


o.ni 


U.» O.lll 


0.00 


0.00 


i-st 


I1.UI 


U.SI 


ISBIKBl 


. IM 


o.to;o.ffl 


i.at 


0-ia 


a. 08 


0.1T 0.00 


0.18 


o.e 1 am 


B.SB 


9.97 


isai-aa 


. 0.B5 


O.UO ' O.UO 


0.21 


1.<M 




1.01 1(120 


0.30 1 0.21 l&lfl 


1.A4 


ULtt 


11493-93 


. 0.«I 


0.33 0.00 


0.3G 


fl.S7 


0.«8 , 1. ID 1 T. 


1.08 


o.no S.U 


B.as 


lir 


lSBtt« 


. 0.£I8 


T. 0.« 


0.U 


0.11 


l.M 1 IT 1 T. 


O-OB 


T. 1.00 


1.01 


8. 73 


im-a 


. 0.12 


0.a O.00 


1,88 


aM 


T. 0,00 1 T. 


o.oa 


0.02 1 0.11 


t.» 


8.44 


T. 


. 0.76 


0.4S .1.30 


O-08 


0.93 


0.10 


O.ST , n.i£ 


T, 


0.1il 1 8.48 


1.S5 


I1.K 


. 1.07 o.£ii'o.aii 


1,08 


0.™ 


0.W 


0.84 |0. IS 


0.10 1 0.30 I^B 


2.ffi 


n.« 



Record of precipitation 

[L«titndo aB» M-. longitude HI- 40-: 



nt Cana Grande, Pinal County. 

ID. 1.3UH feot. Authority. Paclflc Railway S; 



Year. 


iBept. 


Oct. 


Not. 


Dec. [Jan. 


Feb. 1 Mar. iApr. ! May.June.' Jnlj 


Aug 


Total! 


18SWJ1 


-![0.4S] 


oiB , 0.00 [1.00]' 0.00 1 0.00 :ii.oo] o.nt ! 0.00 ' 000 ' 0.00 


T. 


asi 1 


18K1-82 




0,00 1 oflo 0.00 [3-001 [0.80]: 0.09 ] aoo o.oi) l[oioi 0.00 


0,00 


3,W| 


ise-K 


..;O00 


0.00 '[0,3s] o.on I 0.00 1 0.00 1 0.0a 1 11,00 o.si ; 0,00 [i.oo- 


0.«1 




1883-S( 




0,10 1 0.00 0.88 0.76 i [1.00] 1 1.08. 0.0) lo.nn! 0.00 d.(io 


3.37 


fl.io| 


1884-8! 


.. 0,09 




OM 


8.30 \ 


ISSS-St 




0.00|0.2B 0.00 I 0.00 


1.35],0.T4.0.(» (),(«' 0.00 0.33 


1.40 




18»ft.87 


.. 0.0C1 


o.a» 0.36 0,00 0.00 


0.411 i 0.00 ' 0.30 1 020 '0.40' 1.07 






1887-8* 


.. l.BB 


O.M'l.S8 {0.]E'afll 


(l.00|(l.« ().OI)l(01U]i 0.00 U.2« 


o.on 


5.81 , 


l»»8-8( 


. Otl 


1,00]I 0.70 1 0.75 |[1,00: 


o,uuio.sOi0.iolanii(i.ofl!o.n(i 




4.46 


18H9-9C 




O.fO 


0.10; 1,3.: (.,30 


0.81 .0.41 0.38 000 10.00' 1,38 




91. , 


1890-91 


.. 0.98 


6.3/1 


5.0ft 


0.a; O.AS 


1.90,0.00, 0.00 1 0.00 O.Ort 0.flO 


0(10 


7«1 


lWll-92 


.. 0,00 


0,00 


O.OO 


0.17 3.25 
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Reoord of precipitation at Maricopa, Pinal County. 
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Seeord of precipitation at Texat Bill, Yuma County. 
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Rteord of preeipOation at Yuma, Yuma Covnty. 
[L.>tltade3Z°M'. loiislttidelU°36';eleT>tloB. 14ire«t. AathoritT, Weather Boraan.] 
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Ei. 

iportaBce m a fnwMni^ §foA mS' lanc nf AraHmii. -mil ^Mif«i!:&4 4<^ ns^ 

mfofft oif 1^ '■Vi'^nMi'i! JL tKm&^tet^^itt M^mnzjii -fir 'vi^ is. ika 
It injiirxas iie> frail is«e&. ton. Vr <i£iiJzxiik2T k^egcK i^ ci2«9 ii; 
Mon m jat ^ aa esoawrr^lj ^trr <%i<cr2nr, 7*e3>i«* •Mn«tece liff- 
treneSr affiKJ^iu itf» pemcne^ ^v^- ±:Km. I^xair t^- i&TOfti -iz^^L^ue^ jim^ 
fuge ia am and tSaua^ F^^TmsaSi^jx. ii$> ixicjcfc;:^^ Vr i^ 7«wii;«^ 
id shovn b^* rwiri oytr k gKi g, 'dK- 'VTJirc sK-T-^sieBT ix 

tdtlM^aaBMSBl <tf daft fB '^e air 5»xKi:«d^<«.»:o««ia2M*. WrT&«>T^H-r 
irmnta^ of iki^ kind tken- ^j \t a auall j^tsk. a3»d ia i^i^ camti^ 
indpal dmvteek 2» cl im- facii ia;&i -viz^iail^ «&a ik« WasvdK^as 
cat adraasapt sa paot^akr vasier a«> -/^ ^«cfiL iirt> Grtiai Plaia&. 
lere tbe viad kifr a $vim^» f :«l^ tti^^vi^K^ ^Ii<ie> 
[t theT«ar. 

Wind iaoi"t^ate hmv^ Vftes. ^are^hiZy ;^M*:«^i<«ii ai a £ izmber oiif p 
thin the T^KTiuay. ib<- pci^KcpdC «f T>.-ea*^ wrifefa <«• uemr 
ism beise F<wi Apache. Fc^n «i*atT. PVnii- P?^t!ai««n, and Y 
le record at PiMHdx fromt 1^7 r » !>>! ri^ie* azi *t-«»£»^ boariy wii^i 
DTeaMiit of obIt ±.4 bDasu T*Li:» siLall ^sto/a^z 5< aieic*:-ci£t^ fiv bv 
e fact that the anHaoart^er wa* eip»>5ie»i only 1 .- f«-i abo^e rae 
oand. A* stated bj the Cfci-tf •>f ih*- Wr;»;her Bar^ea-. in Ati|ni<i;« 
Sto, vhen the starioc ^ra» iw«s«ab2:i£hed. ih^ aiiea:i*>z^-r«er vmsplaeM 

feet above the ^roond, f^''^^^'? e»j«fcsderabir higher vex-fiiies. the 
OQthlT areiagc^ being aboo* 5 mzl-^fr^ per h^>Qir. <*r more ihan :wi<^ 
€6e prerioiislj obtained. The aTerase^ f-:*r Fori Apaehe wer? ti.4 
Lies per hour, for Fort Grant <•.% for P?«<»>t^ •*.>. and for Yama t^.i, 
I of these being Wv in coossderation •>f vindmili efficienev. 
The distribntioii of wind thioash ibe day is rery eieariy marked. 
Riming at about 1>> o*eloek in ihe ooming. the vind usually 
creases from abooi 3 miles per hocr np to from > to If miles per 
^ur at 3 o>loek in the afternoon. Ai sundovn it deerea:«)es. dT\>{>> 
ng off rapidly until midni^t. and slovly deereasinx: in forve un::I 
H>Qt the middle of the forenocm of the nex; da v. Thus, as a rule, 
iarly all of the effective wind movement occur* within six hours in 
e afternoon, or from abt^ut 1 or 2 o'clock until al¥>ut sundown. 
Jie distribution of wind ilir»>ugh the year is comparatively unifornu 
t^ greatest amount being in ^he spring months, the strength deon^iis- 
^ notably during September and tXnober. By erecting tall wind- 
ills in well-exxwsed localities it may be practicable to utilize the:?^ 

ft notable extent in pumping water for irrigation, but to attain 
[coeas these must be proportioned to the prevailing strength of the 
^^ and to the work to be done. Even if these operate during onl^' 
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oue-f ourth of the day, it may be possible, by providing suitable small 
pouds or earthen tanks, to hold sufficient water for the irngation of 
gardens and a small area of forage plants. 

PRODUCTS. 

It need hardly be stated that on tlie deep alluvial soil of the valleys 
in such a climate as that described the growth of nearly all kinds of 
vegetation is luxuriant if only sufficient water be applied. All warn 
temperate and many semitropic products flourish here, and most of 
them produce in an abundance indicated by the favorable climate. 
The principal crops now grown are alfalfa, wheat, and barley, with 
more or less of peaches, grapes, apricots, oranges, and other fruits, 
and a variety of vegetables. 

Gila A'alley aspires to comi)etition with California in the citrus fruit 
market, and a numl^er of thriving orange groves indicate that in cer- 
tain localities the climate and soil are favorable to success. Although 
there have been many failures, mainly from frost, it should be remem- 
bered that this has been the case in overj' citrus region at first, and 
that even in California only occasional spots and strips are sufficiently 
free from frost and other foes of the citrus family to be profitably 
devoted to this branch of fruit culture. Past experience seems to 
indicate that, as in California, there are exceptional thermal belts 
sufficiently exempt from frost to permit profitable growth of oranges 
and lemons, but sucli belts can be located only by observation and 
experience, and their discovery is often preceded by failures due to 
ignorance or disregard of the true conditions. 

There are two respects in which Arizona seems to enjoy a decided 
advantage over California in the production of citrus fruits: First, the 
extreme heat and ariditj^ of the climate are claimed to be unfavorable 
to the development and si)read of sucli enemies of citrus growth as 
the scale bug (Asjjldiotus j^f^i'fiiciosu.s) in its several varieties; second, 
oranges, as well as some deciduous fruits, mature from two to four 
weeks earlier than in most parts of California, and they thus secure the 
advantage of an early market, which is always the best. The lemons 
produced in this valley are beautiful in appearance, of large size, and 
of excellent flavor. It would appear tliat this valley is under a dis- 
advantage owing to the inconvenience or expense of curing lemons, 
which process requires the steady maintenance of a low temperature. 
The great distance from any sufficiently cool climate and the expense 
of maintaining local refrigeration seem to stand in the way. Claims 
are made that the Arizona product does not require curing as in other 
lemon-growing regions, but this claim seems not yet to be well estab- 
lished. Undoubtedly, however, though lemon culture will be sonu - 
what more restricted than orange culture, it has come to stay, llie 
actual location and development of favorable localities along the lines 
mentioned will be slow, but enough is known to guarantee the fact 
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that if citrus calture continaes as profitable as it has been in the past, 
Arizona will some day be one of the important competitors for a share 
3f the citrus market. 

This valley appears to be preeminently the home of the grape. 
Fable grapes of good quality and wine grapes yielding a very superior 
product may be grown here in abundance, as already proved by 
experience. Undoubtedly, also, the raisin industry will some day be 
important, and the hot, dr}' summers are favorable to the production 
>f a superior article. In one respect, however, this valley is under a 
lisadvantage as compared with southern California, in that it is more 
likely to receive sudden showers of rain during the curing season. 

Claims are also made of the superiority of this region for such prod- 
acts as figs, prunes, almonds, pomegranates, olives, and even dates. 
Undoubtedly figs and prunes can be successfully grown, and the experi- 
snce obtained with almonds both in this and other localities seems to 
justify the claims made regarding this product, but most of the other 
fruits mentioned are stiU in the exi>erimental stages. It is doubtful 
if dates can be profitably grown except in some favored and well- 
sheltered localities. Apples appear not to do well in a climate like 
that of Arizona. Even those varieties which can be abundantly 
^rown are inferior in quality and quickly decay. This fruit is better 
adapted to a colder climate. The same appears to be true in a less 
iegree of pears. Most small fruits yield abundantly, and so far have 
been very profitable. 

The quantities of fruits and vegetables which have been exported 
from Arizona are inconsiderable. On the contrary, large quantities 
of some kinds are annually imported for consumption in the industries 
of mining and grazing. These two interests are the main sources of 
exportable products, and agriculture and horticulture, so far as devel- 
oped, are devoted chiefly to satisfying their wants. Alfalfa may be 
taken as the staple agricultural product, and is largely utilized in the 
fattening of cattle grown on the ranges of the adjacent mountains and 
foothills. Large areas of this pnxluctive forage plant are used as 
pasture, while others are utilized for maturing hay. Barley is largely 
used as hay, and also furnishes the bulk of the grain fed to live stock 
in the valley. 

METHODS OF APPLYIXlt WATER. 

Alfalfa and the grains being the principal crops of this region, it 
may readily be inferred that the usual methoil of applying water in 
irrigation is by flooding the ground, since these products lend ihem- 
Hclves to this method most readily. This system, as is well known, is 
also susceptible of great wastefulness in its application, esi>ecially in 
an ultra-arid climate, since it wets the whole surface of the ground 
and gives full scope to evaporation, and is often followeii by l)aking, 
which favors the rise of underground waters to the surface to evaporate. 
IBB 2 3 .^ 
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Ill thf irrigati'iH uf fruit trv-i- stJi-i viii>^- iht- fuirrw niethi^l is us^:. 
wlik'Ji, whi'ii i(r..i(«:il_v ••miiliiy-l. :s jm .-x<WIeiii meihoil. PI, VII 
shwws thif ;a^iuii>1 iir<ii«;rly iii^iiart-i I'-ir iln- furT>i»- lut^tliod uf irria- 
lioii. Tlie wjiicr is lurii"! Un» <^ai:Ii fiirntw ai the up[>er edge uf ilie 
fipld ill just sufficient 'lumitily tn niu freely ilitwn iLe furp>w witboii; 
ennsiuii, anil simks gniduully uway iLiwnwanl and sidewiae. Amiviii 
as it reatrlif's the Iiwer eii-l of tin- fiirn>w it is sliut off at the npiier 
end; thus only a small i»Ti-enta;» I'f thesnrfaw of the ground iswrt, 
and llie water reaches the iikii- -if thf ln'e> at st)me disttaiice helow 
the surface. Alight cultivai<ir >)i<iul<l follow irrigation, tilliug ;!iv 
furrowii with louse eartti and leaving the »Hrfat;e of the ground level 




itn-ldry, so thai lli.. iiiiiiiininii »( .■vai«.rati..ii Tj.k.-!. itlac; and hd sit- 
iM-ali-d Mirla.-c i^ i-\|H)s.-ii (o l.ak,. iti th- Ijin .sun. Cnforl nnato!,v. 
tiow.'vi-r. thi- j.tviloriiiiiaiii-..- »( ih.- ll..,>.lii,- >yMi-ni sei-iiis I-> ititliiein- 
ii-ri^rariot] l)y m.-misnf fiiiTow^, aii'l Ih.' waliT iMit'tcii so hivislily aii.i 
.■iiivl..ss]yiiiii.li.-.i lh.l1 Ihi' ^'roiiiid l< aim. .si II.Mi.led, and llie ivjinr 
slaiirls ill piH.lN ami fm-i-ows until tlo- ti.-l-i In-c-oiii.-s an ahsolule Ihiir. 
acou.jilioti whi<-h i^ n.it only iij.>>i wast.'l'iil ..r wat.'r.liiit nirtualU 
injnririii.-, ir. ili,. iiTi;:.-in-ii i-iir|>>, liy shiiltiii-: ..ir ih>- vcntilalinn of t'i- 
ro..i>. It ills.. iiit..|-r..r.-s wiihrnllivatioTi. <"uts.-s Uic trround tolwik.'. 

and a]h>w> ih.- « Is lo slaM. This is, liowcv.-r. I.y no means tli.- 

iiaivcrsal |,i-ai'li<-,.. ami many of tin- ini^'alors a;.- iipi.r.iaehing iii..n> 
andinon- ti.Mfjy 1-. i.i.-a| m<-i]iiH|s .jI' irri^alin;;. The Ari/oiia Iniprovi- 
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meat Company is Betting an excellent example Iq this respect, ae are 
also some of tlie individual irrigators, and the neat appearance of the 
orchards might profitably be emulated by many a city park. 

WATBB SUPPLY. 

In comparison with the size of the Territory and the importance of 
its water resources, the hydrographic data are very meager. Some 
measurements of stream flow were made in 1889 and 1890 by the 
United States Irrigation Survey at a point about 14 miles above Flor- 
ence, on the Gila River, known as The Buttes. Gaugings at this point 
were resumed in December, 1895, and are still being carried on, the 
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Fio. 3.— Daily discharge of Salt River at Arizona dam. II 



results being used also to estimate the discharge from gauge readings 
and soundings taken during the fall of 18D5 by private parties. Meas- 
urements have also been made by the United States Government of 
tlie discharge of Queen Ci-eek, a .small intermittent stream tributary 
to the Gila River. 

Approximate estimates of the disc-hai^e of Salt River were made 
by Mr. Samuel Davidson from data obtained by the Arizona Cana- 
Company at its dam a short distance below the junction of the Salt 
and Verde rivers. 

Measurements of discharge have been more recentlj' made on Salt 
and Verde rivers by the Hudson Reser^'oir and Canal Company. Sur- 
face velocities were measured by means of floats, and eight-tenths of 
the result thus obtained was assumed as the mean velocity, and mul- 
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tiplled into the croMS Hection determined by sounding, to obtain Xl 
discharge, the sum of the discharges of both being adopted as the flo 
of Salt River l)elow the junction. The measurements were begun c 
February 4, 1895, and were continued through the 3''ear without inte 
ruption except on the four days from Octolier 4r to 7, inclusive, ( 
Veitle River, which was during that time inaccessible. An estima 
for those four days has been made from the highest watermark fom 
at the gauge and from such other data as were available. ALso, for tl 
month of Januaiy, one of the most imiK)rtant flood months of the yea 
estimates have been prepared from the daily record taken at the Ai 
zona dam, about a mile below the junction of the two rivers. It appea 
from all available data that Salt River furnishes a considerably larg 
proportion of water than Verde River, and the assumption has bee 
made that HO per cent of the January flow at the Arizona dam can 
from Salt River alwve the Verde. 
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le reBultB of the computed discharges for each locality are given 
le following tables: 

Ettimaled monthly discharge of Salt River at ArUxma dam, Arixona. 
(Dr«lnacesTeA.12,aia square miles.] 



August 

September... 

October 

Noreoiber... 



M»r 

Jolj 

September... 
October 



Deopmber .. 

Snajutry 

Fobmapy .,, 

Mkrch 

April 



September.,. 

October 

November... 

Decemhar ... 

len. 



TotBl 

for 



» 





8! 





311 









Ot 


c 


K 


(1 


04 


11 


CG 


( 






nfi 


(1 


sa 


D 



98 n. 

en 0. 

17 0. 

ra 0. 

OG 0. 

OS 0. 

SI a. 

II u. 

35 0. 

a u. 

90 0. 
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discharge of Verde River above Soi( Mver, Arizona. 

[Drains^ arsK. 0,001 sqiun mOM.] 
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Eatimattd dJMftan/e of Salt River above mouth of Verde River, Arieona. 

[Drainage anw. tJtO aqiure mile*.] 



Honth. 




Total 

for 

month. 


— 1 


Uul- 


Mini. 


Mmui. 


Depth. 


Per 

■ar 


JuiqUT 

PebnuuT 


4B.7B6 

8.8(e 

3.8« 
£.999 

ion 

is,a)6 
e,fl» 


/«■(.■ 
Wl 

ei4 

1.31B 
1,0M 
SOS 

146 

300 
380 


6.733 
1,4*6 

1.82S 
1.M0 
TO8 
W> 

m 

684 

1,024 
1.37S 

m 


Acrt- 
/«(. 

BSMWB 
80,261 

m.«fli 

110.878 
43.G33 
19,330 
12, M3 
36,906 

19, 6n 

98.866 
81,873 
M.«)l 


1.08 
0.24 
0.33 
0.33 
0.13 

0,03 

0.88 

0.30 

o.ee 

0.1B 


Second- 
feel. 

O.W 
0.ffl 

0.30 

0.06 

o.(e 

0.18 

o.» 

0.14 












September 


December 

Total, rsur.... 

PobTOMT 


tf.TBa 1 1*6 


1.408 


1.US.13* 


3,06 


o.is 


813 
Oil 

8,oa) 
i.«ao 
6n 


«0 
41* 

33S 

151 


478 

448 
839 


a, 900 

K.BBO 
73.883 

67.081 
Z7.434 

3B.aB 


0.08 
0.08 
0.!i 
0.17 
0.08 
0.0* 
0,13 


aor 

0.08 
0,19 
0.16 
0.07 
0.04 
0.10 


Aura 











I 



1 



FlO.S.—DailrdlBch&rge of Salt River above Verde, 1366. 
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The following table shows the discharge of Gila River for the seas 
of 1889-90, measured by the irrigation survey, and the results fn 
measurements still in progress for the season just closed: 

Entimated dUcharge of Chila River at Ute Buttejt, Arizona. 
[Drainage area, i:i,750 square miles.] 



Month. 



1889. 

September. 
October — 
November . 
December . 



1800. 

January . 
February 
March ... 

April 

May 

June 

July 

Auguflt... 



Total, year. 

1»«. 

Augrnst 

September 

October 

November 

December 



1896. 

January ... 
February . , 

March , 

April 

May 

Juno 

July 

Augrast ... 
Soi)tembt»r. 

OctolxT 

Noveml)er . 
Dec<.»mlH.*r. , 



Discharge. 



Mazi- 

• mum. 



Mini- 
mum. 



Second- \ Second 
feet. ' " 

210 

210 i 

250 



800 

2, HlO 

1,514 

710 

%» 

150 

3,112 
0.330 



feet 

90 

140 

156 

124 



310 

405 

300 

158 

35 

27 

11 

1.115 



Mean. 



Second- 
feet 

128 

157 

212 

275 



680 

578 

387 

238 

87 

28 

130 

3,137 






Totul, IslttJ. 



3.910 
2,880 

7.51)0 
l.l.V) 



5*50 
340 

aw 

340 

tjs ', 

ll.TlH 
:\. 1;V) 

2, aw I 

7,2W , 

no I 

11.7(W 



5:30 ; 

300 

400 

300 

518 



250 
17.-) 
l.'-W} 

VI 

1 

1 

17.') ! 

1.<W» 

TuW ; 
1 



Total 

for 

month. 



Acre- 
feet. 

7,616 

9,655 

12,614 

16,9(0 



41,812 

32,100 

23,795 

14,161 

5,350 

1.666 

7,995 

192,888 



Run-off. 



I 



' Per 
Depth, square 
mile. 



366.561 



Inches. 
0.010 
0.013 
0.017 
0.088 



0.066 
0.043 
0.032 
0.019 
0.007 
0.003 
0.010 
0.9B3 



1,583 

812 

1.577 

1.103 

7.')1 



.'KW I 
20l» ' 
242 I 



ISO 

32 

5 

l.Ul 

810 

9S0 

4.U-> 

l,f«7 

r.21> 



I 



48,317 
9t»,96« 
65,633 
41.fi27 



24.W.» 
12,022 

14,880 

10. 710 

l.OtW 

208 

8H.«il4 

49.805 

58.314 

2r>4, 867 

61.70t5 

;js. o:»} 



Second- 
feet. 

a009 

0.011 

0.015 

0.000 



0.049 
0.042 
0.088 
0.017 
0.006 
O.OQS 
0.009 
0.2S8 



0. i:W 
0.005 
0.i:« ^ 
0.(189 j 
0.056 



■m:: •;:•;. :.*oi 



0.UJ2 
0.016 

0.021 

0.014 

0. 002 
o.oiMi;{ 

0.J21 
0.068 
0.076 
0.347 
0.083 
0.(r)3 

o.s:w 



0.115 
0.059 
0.115 
0.080 
0.040 



0.028 
0.015 
0.018 
0.013 
O.O02 
0.003 
0. 105 

0. aw 
o.(»n 
0.301 
0. 0:5 

0.046 
0.0»12 



111 the above table tlie di.scliarjro for tlio period from August 1 
p.'ccniber 10, 1805, i.s estimated from observations of mean depth ai 
width made by Mr. W. Riehins, and eaii be considered only asarouj 
anpro.ximation. 






Fio. (>.-Dailr dlach*i«8of Gi!» Klver at The Baltes, 1889-19W, 
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[DmlnsBa Hreo, 113 Bqnare milee.] 




Month. 


DtscbargA 


month. 


Bnn-off. 






Mul- 


Mlnl- 


Ueui. 


D.pth. 


^ 










Srtond- 

Jttt- 

a 

B 

1 

S.O0O 

l,i33 

1,1SS 
80 


2,0 

1.0 

0.0 
0.fl 

0,6 

o.a 


K.0 

1.0 

121. B 
13,1 

ir.i 

1.3 

S.0 


ACTf- 

/ftt. 

va 

118 

ST 
SI 

7.4M 
MG 

m 


IncSri. 


SeoonO- 

r:, 






Febnu 

Uarcb 
April. 

flUr-- 
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Joly.. 
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Octobe 

NoTem 
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016 
Oil 

ooe 

008 
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I3t 
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010 
010 


c 







c 
1] 


oil 

010 

an 
»o 

DOB 

000 
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bor 






Total, y 
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]u.eeo 
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iX 
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1 the year 189. 
ovement Com 
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in Salt River Valley was appn 
. According to figures fornis 
any, about 60.000 acres were 
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FlO. «.— Daily dlscbsTBe of Qoeen Creek. 

gat«d on the north side of Salt River in that year. Of this, ftboot 
34,000 acres, or more than one-half, was in alfalfa; over one-fourth 
was in grain, and the remaining portion, or about one-sixth, was 
chiefly in fruit and garden or was occupied by streets and lote of 
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il i2x;»A7i:y yziX rETnz, asiz^i-sa. :«i 



::..:.^^^. .v.a*>* .:. *o.T*>.r,- I* ■■•*»7. =.-:?* az. i=.:ir?»e<ciii2 question, there- 
I'/r*- *:.^r%*rr .•* "i.-^ :r. irrlz**: - "»"-ll rTr-s.rcAlly 1^*1 to deterion- 

\\,h v*.>v .V/ •-;":. :r.^~r!v-:« *-*r»y-* a>- r:>":l-?«krt>. This nuivbedne 
;Af*..7 V/ rr*<: t-.xf:fr^ of TVfrr appIir^L TrL:«.-!i. r<i7aping to the subsoil, 
'2»rr.^ •:.«: *sa.> ^r* -^^I'l'.lor* 'azA :ji=%irs :h^2i Avmr through the graveb 
t//rh<r r.v*:r b*;^!: afi'l a^r^y^r^Jirisly :: :•? 'jan^i that where the fields an 
rxu^>y,^tTi 9k\ i% T*ri^*ftTiS%>9.^ «i*-p"h \v >»r*ii i.f sravel no aceamiilatioD 
of *j%\^A i* not:^-<:abi^. wh:> ir: th^r \"ic:ni:\' of Tempe, where the sub- 
v#.l i.«i pra/rr.i/A:Iy imjier^'i'^n??. and wht=-r*r the groundwater is neartlie 
•lurfa/'^:, ^r'#fi«*id*rraMe rra<:r^ '^f land ar^ to Ije seen impr^mated with 
Hlkali, v>rii*r of it to *»iKrh an frxtent as to be of little use in its present 
oj9w\\t\hu t^xf^,\ti for grazing. In^^uir^' among the inhabitants leads 
Ufiht' oj,ui:\nsiou that, although such alkaline indications were notice- 
able; Uffon; irrij^ation iM-^rame extensive in this valley, these area* 
haver \)i'j',u j^nratly iii/rrfraMvl since that time, either from the rise of 
alkali froffj th<f .su^>s^iil or from its deposit upon the land by the irri- 
Katiri(( wat<;rH, for which a<lequate drainage was not provided. Some 
Iract.H of land have even tieen abandoned from this cause. 

It haM iMfcn state-d that a great excess of water is applied in this 
valN-y for irrigation and that the progress of methods of economy and 
the Htoragc of surplus waters in the mountains will undoubtedly le^ 
lo a nnwli more sparing application. The question naturally ari!?es, 
therefore, whether, when the abundant leaching which is provided by 
the seepage downward of the excess waters is discontinue^!, the fields 
in llie vieinity of IMnenix and Mesa will not become impregnate<l with 
Halts lo an injurious extent. Any such fear seems to be entirely 
unfounded. The whole valley, with the exception of the area in the 
virinily of Tenipe above nientioncMl, seems to be so thoroughly undt^r- 
laid with <'oarse gravel that it will b<» (Mitircly i)racticable at anytime 
In li'jM'li out till* salts by the appli<'ation of a large quantity of irrigat- 
ing; wator I'nr that ]>urpose. At intervals of several years, also, there 
ocrur lii'avy rain tails in these valleys, which, from their sudden nature 
and long intervals, can not be depended upon for assistance in agri- 
culture, but which will always be of value for leaching the soil iu the 
luanutM* above nd'erred to. 

Minni.K (;iL.\ vallkv. 

Then* an* several ditches built to divert water from the Gila River 
in Pinal l\»unt\, but they have all lu'cn practically abandomni 
exiM^pt the Kloreiuv I'anaK on the south sitlc, and tlie McClelhm and 
Arlluir ditches, on the north side ot' the river. This is due to the 
sliorta^e ot' water in rci'cnt years, caused pn^bably ])y inci*ea:ied 
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e Southern Pacific Railroad at the town of Gila Bend being given 
7 feet, and of Yuma, at the mouth of Gila River, 40 feet. Both 
ese towns are considerably above the level of the bottom lands. 
»nsequenceof its low elevation the temperature is extremely high, 
were it not for the aridity of the climate the summer heat would 
imost unbearable. The lands along the river are of great fertility, 
where watered produce abundant crops. The Southern Pacific 
road extends in a general way parallel to the river and from 2 to 
iles away, except above Gila Bend, where the river describes a 
t loop. The irrigating systems are, on the north side, the Buck- 
ind Monarch canals, and on the south side of the river Rumberg's 
1, Gila Bend Canal, and Upper Gila or Palmer Canal. Farther 
1, below Gila Bend, are a number of other systems, lying beyond 
imits of the area described in this paper. 

BUCKEYE CANAL. 

le Buckeye Canal was begun in 1885, and water was first used in 
It heads on the north side of Gila River, about 4 miles below 
unction of Salt River, and just below the mouth of the Agua Fria. 
ownership is divided into shares, each of these representing 80 
»r's inches. It is about 25 miles in length, and is built on a grade 
feet to the mile. At the head it is 19 feet wide, and has a depth 
)out 3 feet, and a capacity of about 75 cubic feet per second. It 
12 small laterals, and the main canal of course decreases in size 
e laterals are taken out. 

GILA BEND CANAL. 

te dam of the Gila Bend Reservoir and Irrigation Company (Pl.IX) 
cated about 40 miles southwesterly from Phoenix and 25 miles 
1 of the Gila Bend Station, on the Southern Pacific Railroad. It 
arly 2,400 feet long, and as originally planned was to be an over- 
weir built of timbered cribs loaded with rock and anchored to 
driven in the bed of the river. After the completion of about 600 
^f the east end the expense involved induced the company to alter 
>lans and to build the remaining portion of loose rock, the part 
^y constructed being intended as a waste weir, and the rock por- 
was built about 6 feet higher (PI. X). The top width of the rock 
on was about 18 feet, and the side slopes 1^ to 1. From the first, 
us doubts of the stability of the dam were entertained by those com- 
it to judge. It was generally conceded that the first water which 
:x>pped the loose rock portion of the dam would wash it out. In 
of this fact, and the published records of the discharge of the 
showing floods approximating 300,000 cubic feet per second, it 
natter of surprise that the capacity of the waste weir was left at 
about 30,000 cubic feet per second. 

e first indication of a failure was in January, 1893, when a slight 
n the river caused the loose rock portion of the dam to settle 



48 



IRRIGATION NEAR PHCBNIX, ARIZONA. 



several feet. This jwrtion was raised to its original height, an 
dam was declared completed, at a cost of nearly $200,000. In ] 
of the same year a heavy flood washed out 500 feet of the dan 
the center. This breach was repaired, and in October of the 
year, when the river rose again, 400 feet at the west end of tin 
went out. It was now decided to make the dam a waste weir ea 
ing entirely across the river, and plans were drawn up ayd open 
begun accordingly. The original wooden portion of the dan 
thoroughly overhauled and all warped or defective timbers were 
out and replaced by new ones, and the crest of the weir was raii 
feet. In the portion built originally of loose rock several ro 
piling were driven from 13 to 18 feet into the bed of the river, 
were cut off and framed over with heavy 10-inch by 12-inch tin 
The crest of the new portion stood 2^^ feet above the raised crest ( 
old weir. The new desigrn also called for sheet piling above and ^ 
the dam for its entire length and a row of detached cribs belo 
aprons on the lower side. In January, 1895, before the new wor 
completed, another freshet ran about 8 feet deep over the entire I 
of the dam, discharging nearly 180,000 cubic feet per second 
washing out the uncompleted portion of the dam for about 40 
from the west end, which has not been replaced. The prope 
this company is in litigation, and further repairs and develoj 
must await settlement of legal questions. 

The canal was begun in May, 1892, and completed the foil- 
year. Its total length is 38 miles, with varying bottom widths, \ 
ents, and depths, as shown in the following table: 

Diniensioiis of the Gila Bend Canal. 



Lenffth. 


Gradients 
per mile. 

FWt. 


Bottom 
width. 


Depth. 


Milrs. 


J-Wt. 


A 


0.5 


m 


10 


5^ 


0. 5 


2r> 


10 


6 


o.r, 


24 


10 


G 


0. 5 


'::] 


10 


(J 


0..-) 




10 




0.0 


20 


10 1 


' 4 


0.7 


ir> 


^'H 


i 


0. s 


10 


9 



The side slopes were 1:1 in cut and 1.] : 1 in fill. The level s 
of the canal was a cut of 4A feet, with embankments of 5^ ft 
either side, with berms of 2^ feet. Nine flumes, aggregating 4i 
in length, were substantially built of wood. Twenty-one sing 
2 double culverts, consisting of L*4-in(*h cement pipe and airgrej 
13,705 feet, were inserted. About 7o miles of laterals have lx*e 
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tructed. The head^gates are large iron utmetoreii Ijetween uuMnive 
lasonry abatmenU and wing walls. (See Pl« XL) The h«fad-gat4» 
nd canal may be taken as one of the be«st and most substantial works 
f the kind yet constmcted. The entire iirrjjerrt is re|Mirle<l Up have 
ost about $1,000,000. 

About 10 miles below the Gila Bend Reservoir and Irrigation iUpm- 
lanv's dam the lower GUa Bend Canal besds, on the same side of 
he river, and covers a narrow strip of land aU^ut 1/^ miles in length* 
t is 11 feet wide, and is said to hai'e ^?OP(t aUiot ^2!}^f^MK It was first 
laed in 1885. Water is diverted by means of a Uimifffmry dam of 
imsh and stone, which is renewed when require^!. It Is a #^io|iera- 
ive concern, owned by the irriisstoni in the fomj #/f W Kliares, es4;b 
entitling the helder to a proportional part f4 the wuUrr, 

SALT BIVEK VAJUUer. 



As previously defined, Salt Raver Valley ii» taken as including tlie 
ands adjacent to Salt River extendini? frr^m the m^/uth ^4 its f#rinei|Mil 
ribataiT, the Verde, down v> the poim wh»;re hiiit Hi v^rr esuinies inUp 
'ila River, a disranfie in a dlrMrt line of s^jr/ut Pj iuiUsti, 1*he fall of 
he river between these points is m> |cr*sst that wait/irr ^'jtu i^ r^n^Miy 
Uverted at almoit any part fji ihe Tir*fr\ ^^^*xn^ i^tA ^-Mtri^i 4iM^O' 
■Ully away from the stream, eov«niij^ jju tJu^r «^^un^ */f a f*fw mJl^^s a 
^ssiderable exurnt of ecmntry. A» fehovju t/y the uuij/ M^i. XXX f, 
^nais have bf^ea eoBStroeiied iMasdin;^ st ^•h'^n iut^r>'4iite f r«yuj U'trmi- xIm* 
upper end of the valley down tufjss^ it^ »ii'-;*«r -»ufMr- 'J'Le ]/rJn^ij^J 
of the9« canals are siMnru it rhe VjU'/^-.u^ Ji^'^. wiifii /iv*r* aiiso the 
afiproxima;ce lemgik and the y*stLT wiii^ii ljf>t uiye'J TL*rti^ <:4Uialfc ka\e 
m a£;zreeaiie of nearir *>0 iiule^ '.»f ^^em" ^j ■v-!i*:»; 
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The following description gives the principal facts obtainable con- 
cerning these canals, the descriptions being arranged in geographic 
order, first those on the north side and then those on the south. 

ARIZONA AND OTHER NORTH-SIDE CANALfi. 

The Arizona Canal, constructed in the years 1883 and 1884, heads 
highest on the river and has the only permanent dam. This dam, or 
weir, is located about 1 mile below the mouth of the Verde, and 
extends diagonally across the river in a northeasterly direction from 
a rock projecting into the stream from the right bank to a rock on 
the left bank. At the time of its construction the river channel was 
against the right bank, and on the left side a gravel bar sloping from 
the channel to the bank extended to a depth of 8 or 10 feet. This bar 
was excavated to the surface of low water for a width of GO feet, and 
the dam was begun with mudsills 8 inches by 10 inches by 48 feet, 
laid parallel with the stream at intervals of 10 feet. Upon the 
upstream half of these sills is built a continuous crib with cross-ties 
every 10 feet, into which the rails are gained, a space of 4 inches 
being left between the rails, which are fastened with 12-inch drift 
bolts three-fourths inch in diameter. The front and back sides of 
the crib have a batter of one-fourth to one, and are covered with 
2-inch plank with 6-inch sheet piling drifting at its back. The rail 
is laid lengthwise on mudsills in the center of the crib, and constitutes 
the only floor of the crib, which is fllled ^^ith bowlders. 

The crest of the dam for a distance of 41G feet on the left bank is 
10 feet above low water and is covei'ed with 3-inch plank, spiked to 
the rails and braced and propped from cross-ties below, and having a 
slope of 3 feet upstream. Rails are laid upon the mudsills project- 
ing 24 feet downstream, 4 feet apart, and covered with 3-inch plank 
for apron, and sheet piling 3 inches thick and 18 feet in length driven 
at lower edge of apron. Below the apron the gravel was excavateti 
and cribs put in 4 feet deep and 12 feet wide, of various lengths from 
10 to 24 feet, with double rods to bind corners. These cribs weiv 
filled with rock and covered with 3-ineli plank. The portion of the 
dam just described is still standing. The part built across the channel 
was constructed similarly, and went out in the great flood of 1891 and 
was replaced by a more substantial structure, having the overfall 
l)roken into a series of steps, and the 5-fo()t sections of dam bound 
together with 1 J^inch iron rods from top to bottom. Sheet piling was 
driven at both the heel and toe of the renewed portion. The current 
strikes the crest of the dam at an angle of about 12^. Between the 
southwest end of the dam and the canal head-gates a wasteway was 
blastiMl out of the rock 36 feet in length, and prepared to receive 
slasli boards, whicli can be easily removed when necessary to draw off 
the water from the back of the dam during low water for repairs. 
The total distance at hi<j:]i water over the dam wasteway and rock on 
level with dam is 1,(X)0 feet. 
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be head works of the canal are in solid rock, with masonry abut- 
ts and wing walls and wooden gates. The bottom width of the 
a is 36 feet at the head, and becomes narrower toward the lower 
The estimated capacity is 1,000 cubic feet per second. For the 
3 or 4 miles there is considerable heavy construction, the country 
ig somewhat rough, and the material to be moved consisting 
8ly of gravel, with some solid rock. The canal was first used in 
. It is 47 miles long, and cost $600,000. 

rand Canal,heading about 2^ miles above the consolidated head of 
Salt River Valley and Maricopa canals, was constructed in 1878. 
capacity of this canal is 215 second-feet. It has been absorbed 
\ie Arizona Canal Company, its head works have been abandoned, 
it receives water from the Arizona Canal through what is called 
Crosscut Canal. This latter was constructed in 1889, partly for 
purpose of economizing the water to which the Grand Canal is 
tied by carrying it through the Arizona Canal instead of through 
^ndy bed of the river, and partly to utilize for i)ower purposes 
fall between the Arizona and Grand canals. Its capacity is about 
second-feet, and it supplies water for the Grand Canal, and at 
« during low water for the Salt River Valley and Maricopa canals. 
\ie oldest diversion from Salt River for irrigation purposes is the 
River Valley Canal, constructed in 1867 by Jack Swilling and his 
ciates, and called originally the Swilling Ditch. It is on the north 
of the river, about 5 miles east of Phoenix. Some time after its 
itruction another canal or branch was taken from it, at a point 
It 3 miles below its head, which became known as the Maricopa 
al. These two canals with a common head are sometimes called 
Consolidated Canals. The diversion is by means of an artificial 
i\ formed of rocks and brush through wooden head-gates, with 
1 masonry abutments and wing walls. The capacity of Salt River 
ley and Maricopa canals jointly is about 275 second-feet. Both 
lis are now controlled by the Arizona Canal Company. 

SOUTH-SIDE CANALS. 

he Highland Canal was built early in 1889. It takes water on the 
;h side of the river, about 2 miles below the head of the Arizona 
al, and has a capacity of about 100 cubic feet per second, 
he Mesa City Canal was begun in 1879 by the Mesa Canal Com- 
y, a corporation composed of the owners of the land to be watered 
he canal. It emerges from the river on the south side, about 2^ 
js above the head of the Utah Canal, being above the head of all 
canals and ditches previously constructed. It supplies water to 
la City and adjoining country, and has a capacity of about 175 
md-f eet. Its alignment for a considerable distance is said to have 
Dwed the line of one of the prehistoric canals of this valley. One 
re of stock in this canal represents a maximum of 17^ mlnet'^ 
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inches, or a little over two-fifths of a cubic foot per second. The 
water represented by a share supplies about 40 acres of land and is 
valued at present at about %250. The annual charge per share is Hi. 
Considerable expense and annoyance was experienced for many years 
from the insecure head works of this canal, the farmers frequently 
being obliged to quit work in the busy season to restore their supply 
of irrigating water. Finally, in 1893, the Consolidated Canal Com- 
pany was formed, which entered into a contract to build new head 
works and to deliver a specific quantity of water for a consider- 
ation at a designated point on the Mesa Canal for the use of the 
owners of that canal. This company built a shoal of lar^e bowldere 
across the river, which withstands the floods of the river, but it 
gradually settled, at first into the sand and gravel of the river 
bed. As settlement proceeded it has been built up and constitutes 
a very fair means of diversion. At the south end of this shoal are 
built massive granite masonry abutments and wing walls, between 
which the canal flows through wooden gates directly into the mesa 
of bowlders and hardpan, through which it is constructed in a 
deep cut for a distance of over 2 miles, the maximum cut being 
about 26 feet. This heavy construction was performed by a huge 
dredge with a dipper capacity of 2 cubic yards of earth and hav- 
ing a lift of 26 feet. At the end of these 2 miles the Consolidated 
Canal follows for some distance the alignment of the Mesa Canal 
until it reaches a point about :3 miles northeast of Mesa City, which 
is designated as the point of delivery of the si>ecific quantity of 
water for the irrigators under the Mesa ('anal. At this point tlie 
water for the Mesii Canal Company is discharged into their old canal, 
and two branches are constructed by the Consolidated Caual Coui- 
l)any, one starting southeast for irrigating purx>oses, and one runniiijc 
due west for about 2 miles until it roach(»s the edge of the nies^i, just 
above the Tempe Canal, where a large power plant is construct (h1 for 
electric lighting and power purposes, using the irrigating water to 
whicli the Tempe Canal is entitled and discharging it from the wheels 
into the Temx)e Canal about H miles below its head. For some time 
the right to use the irrigating waters of the Tempe Canal was (|ue<- 
tioned, but this matter is now said to be adjusted. The eastern 
branch of the Consolidated Caual above mentioned is const ruct^MJ ou 
a light-grade line, in a general southerly direction, to the boundary of 
the (xila River Indian Re.servation. ])V carrying the water of the 
Temi)e Canal through the Ccmsolidated Canal instead of thi-ough the 
sandy river bed, a consid(?rable loss by evaporation is pr(»vented, and 
the water available for irrigatiim is theieby ineivased. In this man- 
ner the Consolidated Canal obtains a riglit to some irrigation waters. 
Tlie Utah Canal was (-(mstrueted in 1877 on the south side of the 
river, heading about 5 miles above tlic head of the Tempe Canal. It 
was eonstrueted and is operated by iJie ownei-s and occupants of the 
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Dds which are irrigated by its waters, and the association is unin- 

rporated, the water rights being represented by certificates which 

e transferable. Its capacity is about 175 second-feet. 

In 1870 a ditch was constructed on the south side of the river, 

town as the Tempe Irrigating Canal. It heads about 7 miles above 

B Salt River Valley Canal, and was carrying in June, 1896, about 

4 cubic feet of water per second. This is a community ditch, the 

operty of the owners of the land irrigated from it, the shareholders 

ing unincorporated. The canal has a carrying cajmcity of 337 

bic feet of water per second. 

The San Francisco Canal, known also as the Wormser Canal, was 

cistructed on the south side of the river in 1875. It heads a short 

itance below the town of Tempe, and has a capacity of about 52 

?ond-feet. 

Mr. C. T. Hayden, a shareholder of the Tempe Canal Company, in 

3 year 1874 erected a flouring mill at Tempe, and by an arrange- 

>nt with the other shareholders obtained a supply of 27^ cubic feet 

water per second to run his mill. 

AREA IRRIGATED. 

[t is extremely difficult to obtain reliable figures concerning the 
5a irrigated in any locality. This is true in the Salt River Valley 
elsewhere, and is due not only to the fact that farmers as a rule do 
t keep records of the results of their labors, but also because of the 
3iny influences tending toward exaggeration of statements. It is 
iually to the interest of the farmer as well as the canal owner to 
aim that a large area is irrigated, so that in ease of subsequent con- 
oversies over water rights his title to the use of water may be sup- 
)rted. The matter of deflnition also, as to what may be considered 
J irrigated, introduces complications. In order to secure title under 
le desert act, claims are made and proofs submitted that hundreds 
'- acres are irrigated, although as a matter of fact this irrigation is 
I the most nominal character, and to the eye the land has received 
3 apparent benefit. 

A systematic attempt was made by the Eleventh Census to obtain 
1 exact statement as to the amount of land actually irrigated and 
"opped in the census year 1880. A farm-to-farm enumeration was 
ade for the purpose of obtaining the area of land in each farm, the 
nount improved, cultivated, and irrigated, the area and quantity of 
"ops, and many other details. It was found during this census that 
aims were frequently made that 100 acres were irrigated, when the 
■ops aggregated only alK)ut 30 or 40 acres. Examination revealed 
lat as a rule the amount claimed as irrigated represented the amount 
■ land under ditch and to which water might perhaps be taken, 
hile actually, either from deficiency of water or other cause, success- 
il irrigation was conducted only upon the smaller area. 
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The total area irrigated in Arizona and from which crop 
obtained during the season of 1889, according to the Elleventh C 
was only 65,821 acres, the greater part of this being in barley, i 
and other forage crops. Of this amount, the area irrigated in 
copa County was found to be 35,212 acres. A large portion 
was on the south side of Salt River. For comparison, and to illi 
the difference obtained by estimates based upon the claims ol 
owners and farmers, it is stated that on the north side of Salt 
in Maricopa Ck)unty, there were irrigated in 1889, under the J 
Canal, 56,000 acres. This amount, or 350 quarter sections, 
quantity given in the decision noted later on page 61. Th 
given as irrigated from the Arizona Canal system in 1895 wa$ 
60,000 acres. The discrepancy between the census figures a 
amount adjudicated may be due to a number of causes, but it 
ably accounted for largely by the fact that many of the tracts tc 
water rights were adjudicated were cultivated only in part, a 
not yield crops of sufficient size to be reported by the owners < 
merators. Many of the tracts formerly claimed as irrigated hav 
the acquisition of title been left uncultivated. It is suggestive 
in this connection that the adjudicated rights of some of th< 
canals aggregate more than their entire capacity. 

The first irrigation under the Arizona Canal occurred in 1885 
decision handed down by Judge Kibbey (page 61) adjudicated 
for the year 1884 aggregating 82,600 acres. On the basis of th 
of water assumed by the court — 100 acres per second-foot — it 
require for the satisfaction of these rights a flow of 826 cubic f< 
second. By reference to the table of discharges of Salt Ri 
Arizona dam, on page 37, it is seen that the mean flow for the 
of July in 1889 was 495 second-feet, and for the same month in 
was 524 second-feet. The flow for the month of June, which it 
be safe to assume as available for irrigation, would be not moi 
500 cubic feet per second, whereas in the year 1884, as just i 
before the Arizona Canal was brought into use, 826 second-fee 
required to satisfy the legal rights existing in the valley. Bui 
of grain can be matured in this valley by the gro\\i:h in the wint 
spring, and large areas are undoubtedly matured every year 
the 1st of June. The minimum flow for the month of May, ho 
is given as 622 second-feet in 1889, and as 630 second-feet ii 
while the mean for the entire month in 1890 is 914 second-feet. 

The two minima given would seem to indicate that a shorta 
imminent even in the month of May in 1884, if the rights as t 
cated were all claimed. If this was the case in 1884, what can 
of 1889, when instead of 82,600 acres claiming water there hav 
adjudicated rights amounting to 151,360 acres? The areas tha 
been irrigated since 1889 under the Arizona Canal system hav< 
ably been increased, so that the total area using or claiming 
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om Salt River is doable what it was in 1884, and consequently more 
lan double the capacity of the river to supply in ordinary years, and 
ill more beyond its capacity in dry years. But the condition of 
rigation in Salt River Valley is not as bad as these figures would 
em to imply. As above indicated, the adjudicated rights are prob- 
>ly greater than the areas actually irrigated in the years given, and 
iltivation has been discontinued on some of the tracts formerly 
rigated. There is considerable competition for water among irri- 
irtors during the dry months, and this has been one cause of the 
landonment of areas formerly cultivated. 

ADJUDICATION OF V\^ATER RIGHTS. 

It will readily be seen by the foregoing that the various canals and 
tches taking water from Salt River have an aggregate capacity 
uch larger than the low-water flow of the river, which is in the 
^ighborhood of 300 cubic feet per second, and the irrigable land 
ider these canals is proportionately in excess of the water supply 

the dry season. 

These facts led to the institution of a suit before Judge Joseph H. 
ibbey to determine the rights of the various proprietors, the trial 

which was begun in March, 1890, .and concluded in August of that 
>ar. The amount of evidence taken in the e^se is very voluminous, 
nsisting of 6,000 pages of typewritten matter. The argument of 
© case was heard in February, 1891, and occupied fifteen days, 
any interesting principles of the law relating to water rights were 
Lunciated in this decision, relating to the method of acquiring water 
$hts and the rights of the community concerning the reasonable use 

opposed to the waste of water. This decision was published, but 
e pamphlet is now out of print, and a portion of the decision is here 
printed on account of its value and interest in connection with this 
bject. 

JUDGE KIBBEY'S DECISION. 

[n 1848, and from that time nntil 1863, that part of the Territory of Arizona 
thin which is the Salt River Valley was a part of the Territory of New Mexico, 
d there were expressly enacted by that Territory laws governing the appropria- 
11 and nse of water for irrigation. In 1863 part of the then Territory of New 
ixico was erected into a temporary government by the name of the Territory of 
izona, and the laws of New Mexico were, by the acts of Congress establishing 
3 Territory of Arizona, made applicable to that Territory. 
[n 1864 the First legislative assembly of the Territory convened and enacted the 
^e of laws commonly known and cited as the Howell Code. By article 22 of an 
t of that legislature, known and designated as the '' Bill of Rights,*' it was pro- 
led that ''all streams, lakes, and ponds of water capable of being used for the 
rposes of navigation or irrigation are hereby declared to be public property, 
dno individual or corporation shall have the right to appropriate them exdii- 
''«ly to their own private use, except under such equitable regulations and 
Actions as the legislature shall provide for that purpose." This act went intx) 
^ce on the Ist day of January, 1865. This provision has been incorporated in 
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tiie sacoessive rerisions of oar code, and is still a part of our statntory law. At | 
the same 8e8si0ii of the legislatare, and by a law taking effect at the tame tfane, u 
act governing aceqniaa and irrigating canals was adopted. 

Section 1 of that act provides that "all rivers, creeks, and streams of mnning 
water in the Territory of Arizona are hereby declared to be public and applicable 
to purposes of irrigation and mining,** as afterwards provided. 

Section 2 saves all vested rights. 

Section 3 provides that *' all the inhabitants of this T e rr i tory who own or pos- 
sess arable or irrigable lands shall have the right to construct public or priTate 
acequias and obtain the necessary water for the same from any convenient rifer, 
creek, or stream of running water." 

Section 4 provides for the assessment of damages resulting from the construction 
of ditches across private property of individuals. 

Section 5 provides that no inhabitant of this Territory shall have the right to 
erect any dam, or build a mill, or place any machinery, or open any sluice, or 
make any dike, except such as are used for mining purposes or the reduction of 
metals, as provided for in sections 6 and 7 in the act, that may impede or obstruct 
the irrigation of any lands or fields, as the right to irrigate the fields and arable 
lands shall be preferable to all others, and the justices of the peace of their respec- 
tive precincts shall hear and determine the question relative to all such obstrac- 
tions in a summary manner and cause the removal of the same by order directed 
to a constable of the precinct or sheriff of the county, who shall proceed to execnte 
the same without delay. 

Section 7 directs that when any ditch or acequia shall be taken out for agricril- 
tural purposes the person or persons so taking out such ditch or acequia shall 
have the exclusive right to the water, or so much thereof as shall be necessary for 
the said purposes, and if at any time the water so required shall be taken for min- 
ing operations the person or persons owning said water shall be entitled to dam- 
ages, to be assessed in the manner provided in section 6. 

Section 8 prohibits the construction or maintenance of byi^aths and footpaths 
across cultivated fields. 

Section 9 provides that all owners and proprietors of arable and irrigable lands 
bordering on, or irrigable by, any public acequia shall labor on such public ace- 
quia, whether such owners or proprietors cultivate the land or not. 

Section 10 provides that persons interested in a public acequia, whether owners 
or lessees of land, shall labor thereon in proportion to the amount of land owned 
or held by them which may be irrigated by the ditch. 

Section 11 provides that animals shall be herded to prevent trespass upon culti- 
vated fields. 

Section 12 provides that in case a community desire to construct an acequia and 
the persons desiring to construct the same are the owners or proprietors of the 
land upon which they design to construct the acequia, no one shall be bound to 
I>ay damages for the land taken. 

Section 13 provides for the election of overseers of public acequias. 

Section 14 prescribes the manner of the election of overseers. 

Section 15 provides for payment for services of the overseers. 

Section 16 prescribes the duty of the overseers, of which, among others, is enu- 
merated the duty to distribute and apportion the water in proportion to the quantity 
to which each one is entitled accordinp^ to the land cultivated by him, and that 
in making such apportionment he shall take into consideration the nature of the 
seed sown or planted and the crops and the plants cultivated. 

Section 17 provides that "during years when a scarcity of water shall exist 
owners of fields shall have precedence of the water for irrigation according to the 
dates of their respective titles or their occupation of their lands either by them- 
selves or their grantors. The oldest titles shall have precedence always." 
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KTtion 18 provides for fhe contribution of labors by irrigators to the mainte- 

ce of the aceqnia. 

dctioii 19 prescribes penalties for malfeasance or nonfeasance of the overseer in 

sbarging his duties, and provides for his removal in certain events. 

ection 20 provides for the filling of the vacancy occasioned by the removal of 

orerseer. 

ection 21 imposes a penalty upon the owner or proprietor of land irrigated by 

Aoequia for neglect or refusal to furnish the number of laborers required by 

overseer for the maintenance and repair of the aceqnia. 

ection 22 prescribes the penalties against any person who shall in any manner 

grfere with, im];)ede, or obstruct any such aceqnia or use the water from it 

ihoat the consent of the overseer. 

Section 28 provides that the fines and forfeitures recover^ under the provisions 

the act shall be applied by the overseers to the improvement, excavation, and 

lair of the aceqnia, and for the construction of bridges at points where they 

y be crossed by public streets or roads. 

(ection 24 provides for the appeal from judgment of conviction xmder any of 

) provisions of the act. 

Section 25. " The regulation of acequias which have been worked according to 

B laws and customs of Sonora and the usages of the people of Arizona shall 

main as they were made and used up to this day, and the provisions of this 

lapter shall be enforced and obseirved from the day of its publication." 

Section 26 provides that plants and trees growing on the banks of any acequias 

lall belong to the owners of the land through which the aceqnia runs. 

Section 27 provides that any x)er8on owning lands which may include a spring or 

letm of running water, or owning lands upon a river where there is not popula- 

on sufftcient to form a public aceqnia, may construct a private aceqnia for his 

wn uses, subject to his own regulations, provided he does not interfere with the 

l^hts of others. 

In the year 1866 the National Congress enacted a law for the disposal of its lands 

mtaining valuable minerals, and among the provisions of that act, with some 

ibsequent slight verbal changes not affecting the substance or meaning, is the 

allowing (sec. 2889, Revised Statutes of the United States) : 

"Whenever by priority of possession rights to the use of water for mineral, for 

iaing, agricultural, manufacturing, or other purposes, have vested and accrued, 

id the same are recognized and acknowledged by the local customs, laws, and 

idsions of courts, the possessors and owners of such vested rights shall be main- 

ined and protected in the same, and the right of way for the construction of 

tdies and canals for the purposes herein specified is acknowledged and confirmed; 

It whenever any person, in the construction of a ditch or canal, injures or dam* 

;es the possession of any settler upon the public land, the party committing such 

jury or damage shall be liable to the party injured for such injury or damage.'' 

Section 2840 provides **that all patents granted, or preemption or homestead 

lowed, shall be subject to any vested or accrued water rights, or rights to ditches 

reservoir used in connection with such water rights, as may have been acquired 

ider or recognized by the preceding section." 

This provision of the act of Congress has been held by the Supreme Court of 

le United States, and of some of the States, not only to confirm rights that 

ITS been initiated or had vested prior to the passage of the act, but that it was 

mtinuous in its operation and was the license of the Government to persons to 

sreafter appropriate water on the public domain for agricultural, mining, man- 

Eacturing, or other purposes. (98 U. S., 453; 13 Oregon, 596.) 

On the 8d of March, 1877, there went into effect an act of Congress providing 

uit any citizen of the United States, or any who had declared his intention to 
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become sncb, upon the payment of 25 cents per acre, may file a declaration, irift 
the register and receiver of the land district in which any desert land is sitnate^ 
of his intent to reclaim a tract of land not exceeding one section, by oondnctiii 
water thereon within the period of three years thereafter. It proridea tiiat 
right to the use of the water by the person so condncting the same on or to 
tract of desert land of 640 acres '* shall depend npon bona fide prior app: 
and snch rights shall not exceed the amount of water actually appcopriated 
necessarily used for the purposes of irrigation and reclamation, and all 
water over and above such actual appropriation and use, together with ti^ 
of all lakes, rivers, and other sources of water supply upon the paUic Umds 
not navigable, shall remain and be held free for the appropriation and use of 
public for irrigation, mining, and manufacturing purposes, subject to e 
rights." 

By an act of the legislative assembly of the Territory of Arizona 
February 19, 1877, all the laws of the Territory then in force were directed to 
recompiled, which was done; and the compilation is known and cited as 
** Compiled laws of 1877,'* among which are the Bill of Rights and thevarioS' 
provisions governing the construction of private and public aceqoias and tk 
appropriation and use of water for irrigation that we have above quoted ftvtt 
the Howell Code. The same laws have been carried forward into the revision i 
1887. In 1887 the acequia law was not reenacted, but not having been repealed,it' 
is still in force, and the editors of the revision of 1887 have incorporated it in thd 
revision. (Sects. 3199-3226, R. S., 1887, Arizona.) 

In 1887 the legislative assembly enacted a law providing that the common-lav 

doctrine of riparian rights shall not obtain or be of any force or effect in this Ter 

ritorv. (Sec. 3198, R S., 1887. Arizona.) 

* « « « * * « 

REASONABLE USE OF WATER. 

Incident to the right of the inhabitants of this Territory to appropriate water ta 
irrigation or other uses is the restriction that the means of diversion shall 1» 
reasonably adapted to the purpose, to the end that the water that is made free t- 
the public shall not be diminished beyond the ({uantity sufficient to supi)ly tb 
actual needs of the appropriator; that the means of application of the water:- 
tlie purposes for which it is appropriated shall be of a character to insure as .<mal 
a consumption of water as is reasonably consistent to the accomplishment of tha 
purix)8e. No man has a right to waste a drop of water. Any excess of water tha 
he diverts and wastes by carelessness, negligence, or ignorance of economic meth 
ods of cultivation or irrigation, or failure to adopt them, he unlawfully divert.**. 

It appears from the eNidence in this case that large quantities of water ar 
alloweil to flow in the various canals and ditches to supply stock with water 
This necessarily involves a great waste of water. At a small estimate, I shouli 
think the evidence discloses an amount of water wasted thus sufficient, if i>roj*Th 
applied to irrigation, to make productive lo.ooo acres of land. The amount o: 
water actually consumed by the stock is insignificant. The loss is that due t 
evaporation and seepage in its long passagf^ through the various canals and tht 
miles of subsidiary ditches. This seems to me to Ihj an unreasonable use of water 
I do not mean to deny the right to the use of water for stock, for it has alwaj 
l)een a recognized use, like that for domestic purposes. But it can not, I think 
h^ <liverted from its original course for that puri^ose. It has always been the l.^v 
that stock and the public could <lrink from a water course, but not to imjiede it 
flow or diminish its quantity for that i)urpose. Instead, I consider the law to 1*. o 
bringing the water diverted from a natural water course a long distance by meai- 
necessarily invohnng an enormous proportionate waste to water 8t<x*k, the stocl 
must be taken to the natural water course to drink, or otherwise provided for. 
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f the water be in the ditches on a man*8 ranch in the conrse of application 

-ectly to irrigation, it might be permitted to allow stock to drink of it; bnt it 

an unreasonable nse of it to permit water to be in the ditches for that purpose 

>ne. 

Another matter for oar consideration in this connection is the right of the 

propriator of water to the exclusive possession, maintenance, operation, and the 

e of the condnit, as he has prepared it, for the diversion of the water, whether 

not, having constructed snch a condnit, he thereby has the right to have the 
iter flow in the river to that conduit and thence to the point where he desires 

use it, or whether his right is limited to the actual delivery of water to his 
Dds, with or without increased expense to himself, whether it be by means there- 
r provided by himself or by means provided by some one else. To illustrate: If 
cse who operate the Highland Canal should divert from the river the water to 
bich the consumers under the Tempe, the Mesa, the Utah, and the San Fran- 
SCO are entitled, and yet should that company deliver the water so diverted 
rough its own canal to and upon the lands of those under the other canals named, 

the quantities to which they are entitled, would those who constructed and 
ace have operated and maintained the Tempe Canal, the Utah Canal, the Mesa 
anal, and the San Francisco Canal have any just cause for complaint, or have 
« owners of those mentioned canals a vested right not only to the use of the 
Bter for the purpose of irrigation, but also to have it conveyed by means of its 
vn conduit? 

following out to their sequence the proxxMitions I have advanced as to the own- 
ship of water and the right of appropriation. I am of the opinion that the entire 
Bfht of the appropriator for irrigation is limited to the delivery of water sufKcient 
>T the purpose upon his land at a point where he can use it for irrigation, and 
At so long as such water is so delivered he may be indifferent to any acts of 
Tersion or obstruction of the flow of water in the natural water course, and has 
> just cause for complaint therefor. He might be compelled to adopt a more 
rpensive means of delivery of the water to his lands if the means that he has 
ready adopted are such as would result in the loss of water; for, as we have 
*l>eatedly affirmed, the water is public property; it is a common stock to which 
1 may go, and no man has any right by faulty construction of bis conduits, or 
r their deflcient construction, or by a desire to appropriate more than his share 
' the water, to diminish that common stock of the water to any greater extent 
tan his necessities require. 

This brings us to the question whether or not it is the duty of the prior appro- 
^tor to make use of such new means as may result in the more economical con- 
-yance of water than those which he had heretofore provided for himself, 
'^hether or not it would be his duty, if, for instance, he was an irrigator under 
^ Tempe Canal, to construct a new conduit from the Highland Canal to his 
Dds. and thereby conduct his water at a considerable saving of the common 
^k of water, assuming, of course, that the Highland Canal is capable of carry- 
?« in addition to that which it is already under obligation to carry, the quantity 
fficient for his use. 

The variety of means adopted for the diversion of water vary under different 
•editions. The person who first appropriates usually finds in the natural water 
Qx^e a volume of water in excess of that which he himself needs, and to divert 
s comparatively small proportion of the whole volume which he may need 
^Tild be inexpensive and easy of accomplishment. It is usually unnecessary for 
Q first appropriator to construct a dam, or that he should excavate a ditch to the 
>ttom of the water course whence he divert his water; because of the superabun- 
^ce in the natural water course enough for his purpose may be diverted by less 
(pensive means. As, however, others seek, subsequently, to appropriate a 
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portion of the same stream above the point of diversion by the first, a diminntion d 
the quantity of the water going down to the first appropriator results in sncht 
reduction of the volume of water that the means adopted by the first appropriate 
will not enable him to continue his diversion, and he must, in order to get tki 
water, either construct a dam so as to divert the water or excavate his ditck 
deeper, so as to reach and divert the water from the diminished quantity flo 
in the natural water course. This would, of course, entail an additional expeui 
upon the first appropriator. 

To illustrate the question, let us suppose that upon a water course there is n 
average flow of water of 4 feet in depth; that the construction by the first appio* 
priator of a ditch, the bottom of which is 2 feet below the surface of the watff, 
enables him thereby to divert all the water he needs. Suppose that thereafts 
another ai)propriator constructs above the point of diversion by the first a ditch 
which appropriates 2 feet in depth of the water, and diminishes it so in voltow 
that instead of flowing by the x>oint of diversion by the first, 4 feet in depth, it 
now flows only 2 feet in depth. Still the quantity there flowing is sufScient to 
supply the needs of the first appropriator. It will be seen that the first appzo- 
priator can not. by the means then had, divert his amount of water, and there if 
necessarily entailed upon him an expense of either further excavation of the ditck 
or the erection of a dam in order to raise the surface of the water to a point at 
which it can be diverted into his ditch; and this additional expense is entailed b]r 
the act of the subsequent appropriator. It is not a question, as I have put it, oft 
deficiency in the sui)ply of water, but it is merely a question of the right of a sab- 
sequent appropriator to diminish the volume of water fiowing to such an extent 
that it can not be diverted by a prior appropriator by the means he then had. We 
think that it certainly can not be said that the first appropriator has the right to 
have the water fiowing such a way that by his first means of diversion he can still 
continue his appropriation of the water. The whole .policy of the law is, that all 
of the waters in the streams in this Territory should be used for mining, agricul- 
tural, and milling, and that there shall be no appropriation by anyone in a man- 
ner that shall prohibit subsetjuent appropriation by others, unless that subsetiuent 
appropriation leaves an insufficient quantity of water. 

The court held that the title to irrigating water inheres in the land 
irrigated and not in the company diverting the water, and that prior- 
ity of time at which the water was applied to beneficial use constitutes 
priority of right to use of said water, and that this priority was deter- 
mined, not by the date of diversion from the river, but by the date 
of such actual beneficial use. Evidence was therefore taken to estab- 
lish the date of actual irrigation of each tract of land under each 
canal, the date of such irrigation determining the beginning of the 
right to the quantity of water requisite for such irrigation. Each 
canal, therefore, was entitled in any given year only to such quantity 
of water as was necessary to irrigate the lands actually under culti- 
vation, subject to similar rights of other lands previously aequire<l. 
The unit of area for this purpose was taken as 100 acres, or a quarter 
section, althougli fractions of such tracts were considered in render- 
ing the decision, the lowest subdivision considered being 40 acres, or 
one-fourth of a quarter section. The duty of water was assumed a;? 
64 miner's inches for a quarter section of land. A miner's inch wa.s 
defined to be one-fortieth of a cubic foot ])er second, which made the 
duty of 1 cubic foot per second 100 acres. On this basis a decision 
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from wliich tlie following table was constructed, under the 
he court: 

xgfor each year the number of quarter sections under each canal entir 
tied to water from Salt River as per decree of court. 



• 


Salt 

River 

Vallev 

Canal. 


Mari- 
copa 
Canal. 


Tempe 


San 
Fran- 
cisco or 
Worm- 

ser 
CanaL 


Utah 
CanaL 


Mesa 
Canal. 


Grand 
Canal. 


Ari- 
zona 


Total 
Number 
of quar- 
ter sec- 
tions for 
each 
year. 




12* 

22 

31* 

48 

78i 

90* 

90* 

90* 

92* 

96* 
102 
104 
100 
llOi 
117* 
118} 
119} 
120* 
121* 
122* 
123* 
123* 


1 



14* 
24* 

28* 

20 

31 

32 

36 

41 

53 

65* 

84* 
102 
117} 
124} 
128* 
138 
135 
134 
130 
139 














13} 

28 

46 

86} 
167 
188} 
190} 
191} 
197} 
222} 
293 
330} 
364 
400 
461} 
501} 
516} 
580} 
656* 
765i 
929* 
946 
































5 

49 

57 

57 

67 

67 

67 

67 

70 

70 

TZ 

90 

90 

05 

98 

106 

113 

117 

117 


8 
8 
12 
12 
12 
13 
22 
22 
22 
24 
24 
27 
28 
28 
28 
29 
31 
31 
81 






























































7 

24 
24 
24 
24 
26 
38 
38 
38 
38 
40 
55 
55 










23 
30 
.35 
43 

50 

m 

62 
73 
75 

82 
82 
82 


2 
15 

17* 
18* 
23* 
43C 
45* 
46J 
47* 
47* 
48* 
48* 


43* 

105* 
1921 
333* 
360 



Tes in the columns headed Salt River Valley Canal, Mari- 
1, etc., indicate the number of quarter sections irrigated in 
esignated in the column on the extreme left. Bearing in 
i priority in time denotes priority in right, it will be seen 
ugh the oldest water rights are in the Salt River Valley and 
canals, such priority extends only to the quantity of water 
for those tracts which were irrigated previous to lands irri- 
er other canals. Thus in 1873 the area irrigated under the 
Valley Canal was increased by 12 quarter sections over that of 
the additional water necessary for this increase was second- 
it to all lands irrigated in 1872, whether under the Tempe, 
ser, or the Maricopa Canal. It will be seen that 51G^ quar- 
ts, or 82,640 acres, were irrigated in 1884, requiring under 
icated duty of water 826 second-feet. In addition to this, 
mill was entitled to 1,100 inches, but this amount need not 
id from the irrigating supply of the river, because the water 
len's mill returned to the river above the head of the oldest 
L could be rediverted by them for irrigation. 
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Considerable effort has been made by the later-constmcted cam 
particularly the Arizona and Mesa Consolidated, to establish claim 
what is called the surplus waters or flood discharge of Salt Rin 
These rights are of somewhat doubtful value for any purpose 
which these canals can put them, for the high waters embraced 
such claims are of short duration and can not be utilized to matii 
any crop. They are used for ''soaking up" the ground during t 
period of high water in the hope that a portion of the moisture will 
retained by the soil to mitigate the drought through the low-wal 
season, when such waters can not be applied. It is obvious that ro 
a use of waters is not a use at all, but a waste. It is not espedal 
objectionable at present, except that in some instances farmers i 
thus encouraged to plant crops which can be matured only by then 
of water obtained either illegally or through the generosity of flw 
of the older proprietors. What standing such claims to the surpl 
waters can obtain in the courts remains to be seen. If they arew 
tained, the result will be disastrous to the future development of ir 
gation, for it is these surplus waters upon which any project 1 
storage on the upper waters of the Verde and Salt rivers must largi 
depend. Such storage works will hold the surplus waters for i 
during the dry season, when they are most needed, but if title isb 
in the manner claimed, they will probably continue to be wasted 
at present. 

IRRIGATION WORKS PROJECTED. 

Having noted the principal irrigating jsystems taking water fi 
the Salt and Gila rivers, and reviewed in a general way the denia 
for water and the claims made upon the flow of these streams, 
pertinent to discuss at some length tlie attempts now being mad 
increase the available water by means of reservoirs and other wi 
designed to save in part the waste water occurring in floods, 
principal projects which have been surveyed ])y individuals and 
porations or examined by the Government are known as the 
Verde, Tonto Basin, Walnut Grove, Agua Fria, Cave Creek, Bu 
Lower Gila, and Queen Creek. 

RIO VERDE. 

This enterprise contemplates tlie storage of waters at the sileo 
Rio Verde known as the Horseshoe Reservoir, in T. 8 X., R. GE., 
and Salt River meridian. The drainage area tributary to this i 
voir is nearly G,000 square miles. The proposed height of the 
at this point is 150 feet above the present surface of the river, i^ 
will extend to a maximum depth of l^5 feet to bed rock. It w 
380 feet long at the low- water line of the river, and 1,25<) feet 
the top. It is proi)osed to build this dam of a rock-tilled type h; 
side slopes of 2:3, made impervious on the water side by a sht 
asphalt pavement extending to bed rock. The spillway is situatei 
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300 feet west of the dam and is separated from it by a mass of rock 
»in^ over 75 feet above the spillway. It will be about 1,000 feet 
. This reservoir will have a length of about 6 miles, a surface 
of 3,402 acres, and a capacity of 204,935 acre-feet, as shown by 
following table, which gives the area and capacity for each 10 
elevation of the surface: 



Area and capacity of Horseshoe Reservoir. 



Contours. 


Area, in 
acres. 


Acre -feet be- 
tween 
contours. 


Total capacity 
in acre-feet. 


10 


39 


270 


270 


20 


99 


690 


960 


30 


268 


1,835 


2,795 


40 


442 


3, 550 


6,345 


50 


720 


5.810 


12, 155 


00 


974 


8,470 


20, 625 


70 


1,178 


10, 760 


31,385 


80 


1,398 


12,880 


44,265 


90 


1,665 


15,315 


59,580 

• 


100 


1,916 


17,905 


77, 185 


110 


2,109 


20, 125 


97, 610 


120 


2,349 


22,290 


119,900 


130 


2,646 


24,975 


144, 875 


140 


2,982 


28,140 


173.015 


150 


3,402 


31,920 


204. 935 



V\"ork upon the dam itself has not yet been begun, but the outlet 
■^nel is completed. It is intended to divert the river through this 
kknel when necessary to complete the foundations. The tunnel is 
S feet long, 12 feet in diameter, with open-cut approaches. 
^bout 18 miles l>elow the Horseshoe Reservoir the water is to be 
Verted from the river by a dam 90 feet high and 475 feet long, of the 
ok-filled type. Here the canal is to head with a bottom width of 25 
et, depth of water 8 feet, side slopes 1:1, and a fall of 0.0003. The 
tiimated mean velocity is to be 3 feet i)er second and the capacity 800 
il>ie feet per second. This section is continued for a distance of 54 
iles, a considerable part of the distance being through rough country, 
Ith very heavy construction. At the end of the 54 miles the l)ottom 
l^ith is reduced to 20 feet, and this width is inairtained 15 miles far- 
mer to the crossing of New River. At New River it is proposed to 
•Instruct another reservoir, partly to impound the storm waters of this 
t^am, which is ordinarily dry, and partly to receive the waste waters 
^>in the canal. The proi)Osed dam for this reservoir will be 100 feet 
Rli, with a top length of 1,800 feet, which it is said will impound over 
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100,000 acre-feet of water. It is not intended to construct this rew 
voir at present, but it is contemplated as a future possibility afi 
the development of the upper portion of the project. It is pro] 
to continue the canal from this reservoir on a gra^e line across 
Agua Fria River, i*ound the base of the White Tank Mountains, 
across the Ilassayampa, and to utilize another reservoir west of 
Ilassayampa, just above the Buckeye Canal, near the Four 
which it is proposed to iill by a lateral feeder from the main 
The land under this canal between Agua Fria and the 
rivers, as shown on the map, it is also proposed to irrigate froa 
Agua Fria Land and Water Company's works. The conflict of ii 
ests here, however, is more imaginary* than real, as there is a1 
good land to utilize all the water that can be furnished l^ both 
projects and any othei*s that may be constructed. 

The estimated cost of the dam for the Horseshoe Reservoir is I 
000; the diversion dam is estimated to cost 8200,000, and the eanili 
the Ilassayampa is estimated to cost about $1,200,000, making t3,0(W,* 
000 in all, exclusive of the two reservoir sites in the plains. Itii 
estimated that from the head-gates to the Agua Fria River the 
covers an area of 125,(XX) acres of irrigable lands, including a 
desirable tract of nearly 50,000 acres in Paradise Valley. West* 
the Agua Fria the land to be in*igated is an almost unbroken plains 
sandy loam, and comprises more than 125,000 acres al)ove the Bae 
eye Canal and east of the Ilassayampa. As above stated, thisproje 
is under construction, tlie greater part of the work already done beii 
ux)on the canal. The magnitude of the undertaking, the natural 
fieulties to be overcome, and the x>revailing business depression wi 
bine to render its proseeuticm a matter of peculiar difficulty. 

The company claims to hav«^ sold water rights for alxjut 1<k»,»>^ 
acres at prices varying from «!() to ^IS per acre, paid for at the rafi 
of ^1 <lown and 81 per year thereafter. The payment of this i^l 
acre each year is <*onsldered to b(^ a sufficient comi)liance vriih tl 
law requiring a person entering desert land to expend a certain amoi 
in the use, irrigaticm, reclanuition, and cultivation of the land. ^Vftt 
the works are (constructed the owners of the water right are topayi 
certain amount per ([uanlity of water used, the unit of measurein^ 
being the ruble foot. The rate charged is to be a gradually increJ 
in^' one fnmi >^1.21 up to *2.42 i)er acre-foot after ten years. 
niaxiniuni amount of water whicli can be demanded in any oneve 
is at the rate of 2 acre-feet for each acre irrigated. 

THE TOXTO BASIN PROJECT. 

Just below the junction of Tonto (reek with Salt River, neartii 
line hriween Gila and ^Iari(M)pa counties. Salt River passes ihnmd 
a (l<M*p, nai'i'ow iror.Lre of solid rock. Above this point both stroanti 
How tiirough wide, level valleys, which are settled and eultivaT»Hl' 
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. considerable extent. The Hudson Reservoir and Canal Company 
Las made surveys and estimates, contemplating the construction of a 
lam at this point (fig. 9) about 215 feet high from bed rock and GIO 
eet long on top, which it is claimed will give a re9er\-oir capacity of 
-rer 800,000 acre-feet. A spillway is to be cut around each end of 




Pio. B.— ElBTBtloD of proponed dwn on tWt Bii 



ds dam, as shown in PI. XXI. It is proposed, first, to build a dam 
1 an ogee section {ftg. 10, a) about 140 feet in height, heavy enough 
• form the base of the dam of the full height, and to allow the flood 
Bter to pass over its crest after the reservoir fills. After the waters 
ftpounded by this reservoir have been disposed of the dam will be 
•npleted (fig. 10, 6) and the additional waters will be sold. 
Several lines have been surveyed for the location of a canal to con- 




Flo. W.— PrnHleof iir | d i,.i,j i, Siili River, n. flmt oonstructlon; 6. ojinpleted. 

ct these waters to irrigable lauds on the south side of the river, and 
!tas been shown that by diverting the waters wpll up in the canyon 
Salt River they can be delivered liiKb enough to water a large tract of 
id at present not under canal and to irrigate the greater portion 
the valley lands on the Pima Indian Resen'alion. This involves a 
IBB 
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large amount of costly construction in the canyon, and it is not prob- 
able that such a line will be found advisable. Large tracts of unculti- 
vated land are already under existing canals, particularly the Arizona, 
the Mesa Consolidated, and the Highland canals. Many of the older 
canals have also under them considerable tracts of uncultivated lands 
for which they hold no water right, and whatever waters are left after 
supplying all these demands can be distributed from the line some-i 
what higher and parallel to the Highland Canal without involving! 
much heavy construction. 

It would probably be impossible to find anywhere in the arid region] 
a storage project in which all conditions are as favorable as for thii 
one. The capacity of the reservoir, in proportion to the dimensiowj 
of the dam, is enormous. The lands to be watered are of remarkaUi| 
fertility, in a climate which may be classed as almost semitropic, andj 
are vastly greater in area than the water can supply. To a coll8ide^j 
able extent they are already settled upon, and the water is in liv^j 
demand. The character of rock at the dam site is said to be excel-l 
lent for the construction and foundation of the dam. There is tril 
tary to this reservoir about 5,756 square miles of mountainous count 
ranging in altitude from 2,000 to 12,000 feet, and including some 
the best drainage area in Arizona. Many of the tributaries of i 
River find their source at the foot of the bold escarpment of 
MogoUon mesa. Tonto Creek, for instance, heads at the foot of 
mesa with the volume of a very considerable rivulet within a few hi 
dred yards of the divide. Such streams evidently obtain consideraU 
water supply from the precipitation which falls north of the dinde,| 
as pointed out on page 10. 

These facts indicate that the watershed tributary to this reservoil 
is not only large but favorable to a hiy:h percentage of run-off. It 
doubtful, however, whether the immense reservoir capacity abot 
referred to could be filled in the driest years, and what proportion 
its capacity should be held as a reserve for years of minimum run- 
can not be determined exactly without a long series of measurement 
of the discharge of Salt River between the mouth of the Verde Riv« 
and the mouth of Tonto Creek. Such measurements have 
roughly carried on for over a year by the Hudson Reservoir and Cai 
Company, and the results, so far as observed, are given on page 
but the series is too short to justify a positive expression on 
point. There can be no doubt, however, that in this reservoir sil 
lies one of the most important possibilities for the future of the 
culture of southern Arizona. 

PI. XXIII shows the outlines of this reservoir site as survevf 
The shaded x>ortions rei)resent cross sections on the lines indicated. 
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Area and eapacittf of Tonto Seaervoir. 



Helsbt 


C»p«:«T.^ln 


Snrface.lD 
«crea. 


ssr 


25 
30 
35 
40 
45 
M 
35 
00 
65 
70 
75 
80 
S5 
BO 
96 
100 
105 
110 

lis 

ISO 
135 
180 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
ISO 
195 
SCO 


4.400 
6,100 
9,000 
11,900 
16,200 
20,000 
26.900 
33.300 
43,000 
50,700 
63,100 
73,500 
83,500 
108,600 
133,700 
U1.800 
164.700 
187.700 
314,700 
841.800 
373.800 
303.900 
338.800 
373.400 
413,000 
453.000 
498,000 
544.000 
994,000 
645,000 
701.000 
757.000 
830.000 
880,000 
950.000 
1,030,000 


330 

420 
570 
780 

890 
1,080 
1.380 
1.510 
1,740 
1,980 
2.300 
2,610 
3,010 
8,430 
8,820 
4,210 
4.610 
4,990 
S,4S0 
5.860 
8.210 
6.570 
8.950 
7,350 
7.080 
8,530 
0,UO 
B,680 
10, 170 
10.680 
11,^10 
11.750 

i2,aoo 

18,000 
13.600 

14.300 


1,950 








1,875 








3,000 








3,035 








2,050 
3.055 






2,075 








2,100 
3.105 






3,135 
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WALXCT OROVE RESERVOIR. 

A storage reservoir was built oti Ihe llassayampa River jnf 
the settlement of Walmit (Jrove in li*SS. The dam (fig. 11) 
feet long on top, 138 feet wide at bottom, 15 feet in width on I 
110 feet higli. As shown in PI. XXIV, it was of the rock- 
plaeer-mining type, consisting of a fi-ont and tiack wall of d 
carefully laid with loose rock tilling between. A wooden she. 
©red the water slope to make it water-tight. This covering ' 
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bclwtirillio Iwfi 11k oiiUi fm wis i ilk(d iiid co'^er 
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p.iitl,\ (o il« iKuiiiiing obftiilctLii with iliiftHood, tin- j^u'al 
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y, 1800, overtopped this dam, causing it to fail. The capacity 
■eservoir baa been variously estimated at from 7,000 to 14,000 
t. Its destruction caused the loss of twenty-six lives and a 
rable quantity of property in the valley below. A new reser- 
tld doubtless be coostructeil on the same site which would 
at least 5,000 acres of the land. 

AQUA FKIA PROJECT. 

Lgua Fria Water and Land Company's project contemplates 
struotion of two reservoir dams and one diversion dam od 




:ia River. The diversion dam , a view of which is given in PL 
I already nearly completed. It isbuiltof rubble masonry, laid 
ir made with a natural cement burued 25 miles southwest of 
site, at the foot of the White Tank Mountains. The masonry 
nit f-l per cubic yaitl, the stone being placed by cable con- 
s shown in tlie plate. The total length when completed will 



70 IRRIGATION ^EAH PHCENIX, ARIZONA. [so. 

be G50 feet, the greatest height above the creek bed 40 feet, in add 
tion to wliich the deepest excavation to bed rock was 40 feet. Tl 
greatest width on bed rock is 53 feet. A spillway is to be provid< 
around the west end. The upstream or back of the dam is vertiei 
The lower batter is 12^ in 20. Two sluices are left at the surface 
the stream bed, each 4 feet wide by G feet high, to dispose of the flo 
ing waters. The top ^idtli when completed will be about 8 feet. 
October, 1895, a great flood came down the river, which the sluicewa 
were unable to discharge and which poured over the dam for sevei 
hours to a depth of more than 8 feet, finally carrying out a portion 
the recently completed masonry, about 12 by 100 feet, near the we 
end of the dam. The portion remaining below that carried away e 
hibits a smoothly plastered surface with no evidence of fracture 
indication of having been bonded in any way to the destroyed sectio 
The rubble masonry' contains numerous horizontal joints finish) 
and plastered as smooth as though intended for a floor, apparent 
diminishing the bond with the next course above. This seems 
be in direct contravention of good engineering practice, and to J 
count in a measure for the failure of the portion of the dam abc 
mentioned. 

The canal heads at the east end of the dam in a cut 16 feet deef 
solid rock, and is constructed for a distance of about 4 miles. Att 
point it is intended to carrj" the canal across the river in a flume ' 
feet long, and to extend it in a southwesterly direction around 1 
foothills of the White Tank Mountains toward the Hassayampa Riv 
The constructed portion of the canal is 18 feet wide on bottom, and 
intended to carry 8^ feet of water. The grade is 0.0004 or 2.11 f 
per mile, and the capacity is intended to be 400 cubic feet of wa 
per second. A large lateral is to be taken from the east side of 1 
main canal about 2^ miles from the head, to extend southward 
the service of the lands on the east side of the river. 

The first reservoir dam is to be located li miles above the divers 
dam, at an old stage station known as Frog Tanks. A fairly good d 
site occui*s here, with rock abutments, and the bed rock is said to 
near the surface. It is proposed to build this dam to a height of '. 
feet, and it is claimed that this will impound about 60,000 acre-f 
of water. No considerable amount of work has been done upon t 
dam other than excavating pits on the slopes and making soundii 
to ascertain the depth to bed rock in the bed of the river. Quari 
have been opened and a large amount of rock has been quarried a 
prepared for the work. The construction of this dam is to foil 
immediately after the completion of the diversion dam. 

Eight miles above this place another dam site is located, in a goi 
through solid rock, 262 feet wide at the bed of the river, and but / 
feet wide at a height of 200 feet. It is said that this basin ^ 
impound, with a dam 150 feet high, over 150,000 acre-feet of wat 
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\ie plans of this irrigation project appear to be open to criticism, 
by continuing the canal li miles farther up the canyon it would 
3 reached the lower reservoir dam site, which is the next struc- 
) contemplated in the plans, and which would have served as a 
jrsion dam, and the cost of the dam already constructed might 
i have been saved. The construction of the canal through this 
ance would be expensive, as the country is rough, but it certainly 
lid not approach in cost that of the diversion dam. Moreover, 
in in use the diversion dam will require to be filled to a height of 
rly 40 feet above the bed of the creek to reach the intended height 
he canal. This will form a pond of probably 40 or 50 acres con- 
itly exposed to evaporation in this warm and arid climate. This 
is worth considering, for the water supply is the limiting feature 
bis enterprise, the capacities of the reservoirs and the land to be 
^ated being relatively much greater than the water supply to be 
ended upon. 

CAVE CREEK PROJECT. 

lie Pennsylvania Irrigation Company proposes to build a dam 100 
high in the canyon of Cave Creek, which it is said will form a res- 
dr of more than 100,000 acre-feet capacity. The water is to be 
trted about 7 miles below and used in the irrigation of the lands in 
idise Valley above the line of the Rio Verde Canal. As this drain- 
area is estimated to be only about 200 square miles, it seems improb- 
that this area will furnish sufficient water to justify the construc- 
of a reservoir of this capacity; but a reservoir can doubtless be 
t at this point which will impound all the waters that can be 
mded upon from its drainage, and the land to be watered is abun- 
: and excellent. 

THE BUTTES RESERVOIR. 

b a point about 14 miles east of Florence the Gila River passes 
reen two buttes locally known as "The Buttes." For many years 
LS been proposed to build a dam at this point to store the flood 
iTH of the Gila River for the reclamation of the arid plains below. 
\ project was investigated by the writer in 1896 in connection with 
water supply for the irrigation of the Pima Indian Reservation.^ 
etailed survey was made of the gorge through which the river 
es, for the purpose of determining the best point for a dam and 
imensions and cubical contents. The scale adopted was 50 feet 
a inch and the contour interval 2 feet, except where the slopes 
) too precipitous for this interval, when only 10-foot contours were 
rn. After the completion of this survey the reservoir site to an 
ition 200 feet above the bed of the river in the gorge was mapped 

> Fifty -fourth Congress, second session, Senate Doc. No. 27. 
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on a scale of 5 inches to a mile in 10-foot contours. The resei 
capacities obtained by this survey are as follows: 

Area and capacity of The Buttes Reservoir, 



Contour 
flow line. 


Area, in 
Acres. 


Cftpadty 

of section* in 

scre>feet. 


Total capsc- 
acre-feet. 


10 


20 


100 


100 


20 


71 


450 


550 


30 


229 


1,500 


2,050 


40 


897 


3,180 


5,180 


50 


538 


4,650 


9,830 


60 


741 


6,370 


16,200 


70 


928 


8,345 


24,545 


80 


1.105 


10,165 


34,710 


90 


1,329 


12, 170 


46,880 


100 


1,566 


14, 475 


61,355 


110 


1,769 


16, 675 


78,030 


120 


2,029 


18,990 


97,020 


130 


2,367 


21,980 


119,000 


140 


2,746 


25,565 


144,565 


150 


3,149 


29,475 


174,040 


160 


8,602 


33,755 


207, 795 


170 


4,118 


38,600 


246, 395 


180 


4,609 


43,635 


290,030 


190 


5,133 


48,710 


338,740 


200 


5,651 


53, 920 


392,660 






_ . 





Eleven soundings for bed rock were made at the dam site by 
ing iron rods into the gravel. What was supposed to be bed 
was reached at a maximum depth, near the center of the river, 
feet. The site proposed for this dam is where the river entei 
gorge (PL XXVI), between the end of a projecting ridge on th< 
and a solid igneous dike on the west. It is proposed to bull 
dam to a height of 170 feet above the bed of the river, or 235 feet 
bed rock. The top width is to be 12 feet; the upstream or back 
is to be 1 in 20, the face slope 1 in 2 from the top to a point 8 
below the top, and 2 in 3 ivon\ that point to bed rock, as shown i 
13. A spillway capacity of over 100,CXX) cubic feet per second 
be provided, partly to the east and partly to the west of the 
Both spillways \\ill discharge their waters clear of the dam. 
reservoir will have a capacity, as shown in the above table, of 2( 
acre-feet above the outlet tunnel, which will be about 30 feet \ 
the bed of the stream. The outlet tunnel will pierce the hill t 
southwest of the dam, and will be about 1,200 feet in length. 
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ither and larger tannel will be cnt through the ridge to the eaat 
1 dam, on a considerably steeper grade, and discharge on a level 
the river bed, for use as a sluiceway in clearing the reservoir of 
BDt. The discharge of the Gila River was measured by the 
d States Irrigation Survey for the year ending Aagast 31, 1890. 




Surfa ce ofGrm yet 



Flu. la— ProfllH lit ijroposed dam at Tbe Buttcs. 



results of this measurement are given on page 40. Measure- 
s for irrigation investigation, under the auspices of the Indian 
ui, wci-e begun by the writer at the .same point December 10, 
and continued until July 1, 18J)0, and they have been continued 
that date to the present time by the United States Geological 
ly. Previous to this private parties endeavoring to establish 
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claim to this reservoir site took readings of gauge height and occa- 
sionally measured the velocity by the use of floats. With the data 
obtained in this manner, and by comparison with measurements made 
in 1896, the discharge of the river has been approximated from July 
to December. The results for 1895-96 are given on page 40, and a 
diagram of the discharge as actually measured is given in fig. 7. The 
area of this basin is so large, its topography so varied, the rain- 
fall so small and erratic, and the evaporation so great that it is 
impossible to arrive at any conclusion from theoretical considerations 
as to the amount of run-off to be expected from it. This can be 
determined only by a long series of measurements. It is probable, 
however, that an area of 75,000 to 100,000 acres can be reclaimed by 
waters stored at this point. The cost of such reclamation wonld b^ 
something over 82,000,000. 

QUEEN CREEK RESERVOIR SITE. 

Queen Creek rises in the mountains to the eastward of Silver King 
mine, and, flowing in a general southwestern direction, leaves the 
mountains below Whitlow's ranch, and in ordinary years loses itself 
in the desert north of the Gila River Reservation. In times of 
extremely high and protracted floods the waters of this creek reach 
Gila River several miles below Sacaton Agency. At Whitlow's ranch 
the creek passes between two buttes, forming a narrow rocky gorge 
advantageously conditioned for a dam site, and above this point the 
valley spreads out in a broad basin favorable for storage. This 
project was investigated in 1896 in connection with the irrigation 
investigation ^ for the benefit of the Pima Indians on the Gila River 
Reservation, little being known of its possibilities when the field work 
began. A topographic map of the drainage basin was made on a 
scale of 1 mile to an inch, with contour intervals of 100 feet. Its area 
is 142.5 square miles, or 91,200 acres, 61 per cent of which lies above 
the elevation curve of 3,000 feet and 39 per cent below that curve. 
The reservoir site was surveyed on a scale of 5 inches to the mile, 
curves of 10 feet interval being inserted to an elevation of 140 feet 
above the bed of the creek at the dam site, which is topographically 
the limiting height of a possible dam at this site. The practical limit, 
however, is reached at an elevation considerably lower, owing to the 
meager water supply, which is limited by the small drainage area, 
the aridity of the climate, and the great evaporation to which the 
impounded waters would be exposed. The plans proposed pronde 
for a dam 115 feet above the bed of the creek. It is to be built on 
the rock-filled plan, with a water slope of 1 in 1, a down-stream slope 
of 1 in 2, and a top width of 10 feet. (Fig. 14.) Upon the water 
slope is to be laid a sheathing of asphalt concrete, and from the up- 
stream toe an impervious wall of cement rubble masoniy is to be 

1 See report in Senate Document 27, Fifty- fourth Congress, second session. 
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^rried down to bed rock, which, in the deepest place, is about 30 feet, 
kjn outer shell of carefully laid dry rock wall is to be built, which 
rill be carried down to bed rock at the down-stream toe. Spillways 
rill be excavated at each end of the dam, and it is from these that 
ock will be obtained for the construction of the dam. Little is known 
t the hydrographic possibilities of this basin, owing to the almost 
3ta] absence of data on the subject A record of rainfall ten months 
s duration was kept at Silver King but its renults appear to be of 
oubtful utility. Measurements of discharge were begun at \Vhit- 
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•w's ranch in July, 1896, It is verj- difficult to make these meas- 
^emente with any considerable degree of accuracy, owing to the 
mremely flashy character of the stream. Almost the entire discha^e 
t this point is in the form of violent floods. It is estimated that a 
apply of about 10,000 acre-feet per annum can be depended upon 
F<oni this project, sufficient to reclaim about 5,000 acres of land at a 
Oet somewhere about $200,000. A table and diagrams of discharge 
f this stream may be found on page 42. An abundance of excellent 
kxid lies near at hand, with perfectly smooth surfaces and a maxi- 
kTim slope of about 40 feet to the mile. 
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Area and capacity of Quemi Crvek Beaervoir. 



Contour. 


ATM, In 

■CTM. 


Ckpuitr in 


3,060 


8 


40 


2,070 


22 


IM 


2,060 


52 


560 


2,090 


113 


1,880 


2,100 


309 


2,965 


2,110 


279 


5,425 


2,120 


356 


8,600 


2,180 


4« 


13.605 


2. HO 


588 


17,530 


3.1M 


680 


28.860 


2.ieo 


757 


80,705 


2,170 


804 


89.050 


2,180 


1.010 


48,615 


3,100 


1,101 


59,665 



THE LOWER GILA STORAGE BE8BRV01R. 

This project c»>Qtemplate8 the conBtructioQ of a lai^ dam on tt* 
Lower Gila in the gorge below Oatman and Cottonwood flats, notte 
from the railroad station of Sentinel. So great diversity of elim* 
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n this reservoir was begun in 1892, but was discontinued, 
inancial difficulties, in the year 1893. It is the plan at pres- 
struct at this xx>int a dam 50 feet in height, a section of 
hown in Fig. 15. It is to be an overflow dam, protected on 
\ with asphalt concrete. Seepage under the dam is to be 
far as possible, by three rows of fluted sheet piling, one row 
, one at the axis, and one at the heel of the dam. This dam 
ilized also as a diversion dam to raise the waters into the 
?anal, which will be taken out about 30 feet above the nat- 
►f the river, leaving 20 feet storage capacity above the bot- 
) canal. The amount of this storage capacity is not known, 
loubtedly great. 

FUTURE DEVELOPMENTS. 

development of irrigation in Arizona by the simple diver- 
iter from the Gila River and its tributaries is impossible, 
y indicated, the dry-weather flow of these streams is over- 
ted. The area irrigated from such streams can be increased 
conomical use of the water now claimed, but the actual water 
r irrigation can be increased only by storage and in some 
the development of underground sources. 

NATURAL ADVANTAGES. 

t extent of land in southern Arizona of surpassing fertility, 
' situated for irrigation, and with a climate the aridity and 
f which make it at once exceptionally healthy and marvel- 
luctive, and depending for its development and reclamation 
►11 the practicable water supply, renders the item of water 
vital importance to the future history of the Commonwealth, 
ssible in the present state of knowledge regarding this ques- 
ke even an approximate computation of the extent to which 
• supply can be increased. Enough is known, however, to 
mmmary of the known possibilities considerable interest and 
ntific value. Unquestionably the main reliance for the 
n water supply is the storage of storm and winter waters and 
he season of melting snows, to be held ami allowed to flow 
and only as needed, instead of flowing to the sea, or of being 
r a short time in excess only to evaporate. 

STORACiE OF FLOODS. 

respects the topograpliic and climatic conditions in Arizona 
strly favorable for the complete utilization of its hydrographic 
es. Few sections of the country are so well supplied with 
reservoir sites favorably situated for tlie conservation of the 
aters well above the areas to be irrigated. T\v^^^ 1«c\'<^t^\s^ 
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conditions seem to apply not only to the location and great ca 
of the reservoir sites, but to their engineering practicability. 

This is a point the importance of which is realized by few p 
who have not made irrigation engineering a specialty. The it 
sion seems to be well-nigh universal that wherever a locality i 
vided by nature with surplus waters that are discharged in to 
and wasted, such waters can be stored and entirely utilized for i 
tion. As a matter of fact, the truth of this proposition is the exci 
rather than the rule. This is chiefly due to the scarcity of pract 
topographic conditions for the construction of reservoirs at the 
where needed. The storage of water for domestic use in cities is 
accomplished where natural conditions are by no means favo 
because water for this purpose is far more valuable than it i* 
likely to bo in any part of the world for general irrigation pur 
While it may be practicable and economiciil in some cases for 
to i)ay tens or even hundreds of dollars per acre-foot for wat 
domestic use, any such price is absolutely prohibitory where the 
is intended for irrigation on a large scale, even in those parts ( 
world where irrigation is brought to greatest perfection, where 
ucts are of the most exceptional nature and highest value, and 
commands the maximum price. But even in the case of city suf 
it is by no means practicable in all CAses to construct storage 
voirs at the required height within practical limits of expense. 

It will thus be seen that for the storage of water for irri<rati( 
existence of peculiar and favorable topographic and geologic < 
tions for the construction of reservoirs is of no less importance 
the existence of waters to be stored . A basin of large capacity, Qi 
of being closed by a structure of small dimensions and unquesti( 
safety, or if naturally already inclosed, capable of being pierce( 
tunnel or cut for drawing off its vaters, must exist at an elc 
sufficiently low and in a locality convenient for the reception - 
waters to be stored, and sufficiently elevated and convenient I 
waters to be carried, within practicable limits of cost, upon the 
to be irrigated. Such reservoirs, furthermore, must be of cousid 
depth; otherwise the great bulk of the stoi-ed waters will ]>e 1 
evaporation before they can be utilized. This is peculiarly ti 
Arizona, on account of the excessive aridity and heat of its cl 
Even with the most favorably conditioned storati:e sites this it 
evaporation always curtails the efficiency of a reservoir site and 
a limit upon its utility for the pur[)oses intended. The less the 
of the water impounded the more favorable must be those topoiri 
conditions, but for any i)urposes of irrigation tliev must be so : 
able as almost to be topographic curiosities, and such are of coiu 
tively rare occurrence. 

Another element of error in the popular assumption above ref 
to arises from the fact that the great floods which bear such imii 
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antities of water running to waste and which make such a strong 
pression on the public mind are so infrequent in occurrence and so 
ormous in volume that their storage and complete utilization are 
ipossible. The observation of these great floods, such as those of 
91, in both the Salt and the Gila rivers, produces an impression upon 
e popular mind that the possibilities of irrigation by storage are 
«tly larger than in fact they really are. Even assuming ideal con- 
tions regarding the existence and location of feasible reservoir sites, 
i are forced by a study of the facts to the reluctant conclusion that 
ch great floods bear no relation to the extension of irrigation by 
eans of storage except to imperil the works. As before stated, these 
eat floods occur only once or twice in a great many years, and irriga- 
m can be extended only in approximate proportion to the supply of 
iter that can be obtained in the driest vears. To a certain extent 
y years may be reenforced by the conservation of the waters from 
ars of excessive run-off. Of course, the reservation of a large sur- 
os over and above that required for irrigation in the year of great 
n-off requires the provision of extensive storage capacity and con- 
quent increase in the cost of the works, but a limit to the utility 

this method is quickly reached, especially in the climate of Arizona, 

' the heat and aridity there prevalent. 

The potential evaporation is equivalent to a depth of nearly 8 feet 

this region, and a reservoir in which the reserve storage filled it 
tly to a depth of 8 feet would be entirely evaporated before the next 
ason. If the reserve storage extended to a depth of 10 feet, it would 
) all lost before the second year was reached. To tide over a series 
' dry years a reservoir of great depth is necessary. When we con- 
der the fact that all storage reservoirs which it is practicable to 
instruct for purposes of irrigation have their greatest areas in the 
pper contours, it will be seen that to subtract 8, 10, 32, or 40 feet 
rom the upper zones of such a reservoir is to lose an enormous pro- 
lortion of its stored contents. For instance, in the areas and capac- 
Kes of the reservoir surveyed at The Buttes, given on page 72, we 
Ind that for a depth of 150 feet the area of the reservoir is 3,149 acres 
md its capacity 174,000 acre-feet. Should it be attempted to hold 
iDch a reservoir filled with water for a period of say four years, we 
hould have an evaporation of at least 30 feet from its surface, which 
rould lower it to the 120-foot contour, at which the capacity is 97,000 
cre-feet, or a little more than one-half the quantity which was held 
B a reserve. Should it be desired to hold a deptli of 1(X) feet in the 
eservoir as a reserve for use in dry seasons, we find that in a period 
f four years, assuming the evaporation in that time to be 30 feet, the 
mount would be reduced from 61,355 acre-feet to 24,545 acre- feet, a 
I6S of about 60 per cent. If the depth of reserve storage were adopted 
\ 70 feet, we should have a capacity of 24,545 acre-feet, which would 
3 reduced by four years' evaporation to about 5,000 acre-feet, or 
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about 21 per cent, and another year would practically exhaust it. In 
the Sweetwater Reservoir, in southern California, 90 feet in dept 
80 per cent of the capacity of the reservoir is within the upper 30 f 
of height and 40 per cent within the upper 10 feet. 

It will be readily seen that the practical utility of a reserve sto 
is limited to three or four years, even with very deep reservoi 
With comparatively shallow reservoirs no such use is possible. Sm 
great floods as occur only once or twice in ten or twenty years cann* 
be held, even with unlimited storage capacity, to reenforce the ye 
of minimum run-olf, which of course occur at essentially similar in 
vals, and the meager observations at hand seem to indicate that thi 
are not needed in the years in which they occur, as such years 
likely to yield more than the average quantity of run-off, independ 
of such floods. On the other hand, they are a constant menace and 
positive peril to the stability and perpetuity of the reservoir, o 
both to their great magnitude and the great difficulty of determini 
what this magnitude is. Enormous and very expensive facili 
must be provided for carrying them out of the reservoir withi 
injury to the dam. 

SILTING OF RESERVOIRS. 

One of the most difficult problems presented in the storage of tb 
great torrents is the enormous quantities of rocks, gravel, sand,m 
and silt which they carry into the reservoir, and even though no 
of the flood may be held, the load of solid material is deposited 
contributes to fill it and destroy its storage capacity. These terri 
torrents, us(»less and dangerous as they are, contribute the major 
tion of the solid matter which is caught hy such reservoirs, and t 
is one of the most serious and diflficult pro])loms to be solved by tl 
Irrigation engine(*rs in soiitliern Arizima. The amount of solid ma' 
rial brought down in this manner can be learned only by impou 
ing and im»asuring it. Measurements of matter carried in suspeusi 
have been made on the Mississippi, on the Potomac, on the Rio Grand 
and on streams in California, but even if these streams could 
shown to boar any fixed relation to the torrents which it is proi 
to (»ontrol in Arizona the ])i'ol)h'ni would still 1)0 unsolved, as an 
known (luantity of suoli material is rolled along the bottom. Thisi|. 
proved by tholar^o nunibors of bowldoi-s, small rooks, and gravel th 
oari'v which nov(M- could ])v hold in susponsion. Careful surveys ha 
been nuide of ni^w reservoirs in Califoi-nia with this problem in nef| 
and after a lai)so of sovt^ral years a rcsurvoy will doubtless furii 
valuable infoi'niation, but this is not available at the present tim«j 
The amount of solid material carried by the torrcmts of southern Ari 
zona oan bo loarnod only by impoundin*^ it. As it is C(msiderable, it 
is obvious that a reservoir built on suoh a water course will eventuallj 
fill with solid matter unless moans an* pi'ovid(Ml for its removal. ^'^^ 
entirely efficient plan for this purpose has ever been put in oj)eratioD. ; 

\ 
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!t is usually assumed, and often with truth, that the life of the reser- 
roir is sufficiently long to justify its construction, even though it will 
jventually fill and have its usefulness destroyed. The amount of ma- 
erial carried by streams in southern Arizona, especially in the sum- 
ner floods, is too large and the necessity of the reservoir to the life of 
he district to be irrigated from it is too vital to justify this convenient 
.olution, or rather evasion, of the problem. 

At least one eminent engineering authority has expressed an opin- 
on that such a reservoir, even when filled, would retain about 30 per 
lent of it« available storage capacity in the voids of the material 
leposited. It would seem, however, that this opinion is entirely 
Britbout foundation. The fluctuating character of such streams, as 
^ell as the widely variant specific gravity of the material carried, 
nsures such a mixture of materials in regard to their fineness that 
he proportion of voids would be much smaller than in a body of sand 
X other material of approximate uniformity of size. By filling any 
iven volume with coarse materials, such as bowlders, filling the voids 
t. these bowlders with coarse gravel, these voids again with finer 
Tavel, and so on through the coarser grades of sand to the very finest 
ilt, using of each material just enough to fill the larger voids in the 
oarser material, a mass will be produced with an extremely small 
•ereentage of voids. This is roughly the course pursued in the man- 
:fiactnre of concrete, and apparently would be approximated by 
jEiture in the case of a mountain reservoir. But whatever the per- 
entage of voids, the water contained therein would not only be held 
brongly by the forces of capillary attraction and surface tension, but 
bie friction in the containing material would resist its escape so power- 
ally that even that portion which could be drawn off would escape 
•^th extreme slowness. While probably such a reservoir might store 
nd yield for use a considerable quantity of water, it is clear that this 
Uantity could not aggregate anything like 30 per cent of the original 
a.pacity of the reservoir. 

It has been proposed to sluice out such material by providing large 
penings from the reservoir and occasionally allowing a large volume 
f water to rush out and carry the collected material with it. This 
lethod has been successfully employed in diverting dams for keeping 
pen the approaches to the head gates of canals. It is also exten- 
ively employed in cleajusing reservoirs in Spain. But experience has 
iown that only a comparatively small area is cleaned by this method, 
Caching on a steep grade for a moderate distance above the scouring 
iTiices. For clearing a reservoir several miles long it is manifestly 
^adequate and must be supplemented by something else. 

Another method of counteracting the tendency of the reservoir to 
Ul is by enlarging its capacity. This method is not always possible. 
^here possible it is always expensive, and so far from being a solu- 
on of the problem, merely posti)ones the date vrlveii ^ovsi^ \xvfc^\sa» 

IBB 2—^ 
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must be adopted of clearing out the imi)ounded silt. It may, how- 
ever, in some cases be advisable, where the expense is not too jjreat, 
as the combined effect of raising the dam higher and of its filling wi& 
silt is to increase the altitude of the surface of the silt above the 
scouring sluices, and, by increasing the velocity of the water which is 
used in sluicing out the silt, to increase the efficiency of that means 
of cleansing the reservoir. 

The removal of the accumulated debris by the ordinary methods of 
excavation is clearly out of the question. Xo community in the worid 
can afford to pay for an acre-foot of storage capa<3ity for the purposei: 
of irrigation any sum approaching the cost of an acre-foot of excaTT. 
tion by the ordinary methoils. A method is here suggested, howevw^ 
which it is believed might be applied in many cases, and when prop* 
erly adapted to the topography and hydrography of the locali^, 
would, it is believed, be (effective in some cases within practicahb, 
limits of expense. The method proposed is as follows: 

A small water supply is to be obtained at considerable head 
the reservoir site, either by diverting the stream at a distance ai 
the reservoir or by storing waters in a small reservoir on the s 
or some of its tributaries and carrying them in pipes or flumes ai 
the upper edge of the reserv^oir to the vicinity of the dam. At poi 
along the side of the reservoir which are toJ)ographically favoral 
preferably upon ridges jutting out into the lake, hydraulic giants an 
to be provided, to act under the head of water furnished by the pips 
line. Largo sluiceways are to be provided near the dam, and at sui 
times as the reservoir happens to be emi)t3' these sluiceways are to be 
opened to their full caj^acity and the deposited material hydraulicked 
out, as in hydraulic mining. The material, being mostly fine and 
freshly deposited, would wash easily and rapidly and be carried by 
the stream out of the reservoir through the sluice gates. This water 
need not be wasted, but could be diverted below for purposes of irri- 
gation. It is not denied that such works and such methods would be 
expensive, but, on the other hand, their effectiveness is unquestion- 
able, and it is believed to be bv far the most feasible method vet 
proposed for cleaning out a large reservoir. The tendency of aueoo- 
nomical use of this method would be to keep the reservoir open iJ 
its lower part, where it is deepest, and allow the shallow portions 
along the edges and at the upper end to remain filled. This wouH 
contract the relative area of watei* surface and diminish evaporation, 
which would in a measure compensate for the destruction of storage 
capacity. 

The use of the three methods, first, the employment of one ornioie 
large scouring sluices, after the manner of the old Spanish reser\'oir5; 
second, the enlargement of the reservoir to the practicable limit; an4 
third, the construction of works and the adoption of operations W^ 
those above described, would in many cases insure the perpetuity of 
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torage reservoii*s in this country within practicable limits of expense. 
Certain it is that some efficient method or methods for this purpose 
mst be employed or the extension of irrigation in any great degree 
a southern Arizona by means of storage is impossible. 

The problem just discussed suggests the advisability, where feasi- 
le, of constructing storage reservoirs in side canyons or other basins 
mvmg no considerable natural drainage tributary to them, the water 
eing carried through artificial conduits from the streams whose 
'aters it is desired to store. Where this can be done the danger of 
Ding the reservoir with silt can be easily averted. Sand boxes can 
e constructed along a conduit and easily operated in such manner as 
» effectually clear the waters of their load of solid matter. 

Aside from the scarcity of natural sites of this character, their effi- 
jency is limited by a fact more strongly emphasized in this than in 
voet countries, that the surplus waters are discharged in sudden 
Dods of enormous volume, and in order to iniix)und them or any con- 
derable i)ercentage of them by this method, not only must strong 
Lrersion works be provided for diverting them, but a conduit must 
5 constructed of enormous capacity. If this conduit must ])e of con- 
derable length or in ver>- rough country — and both conditions usually 
stain — the project is defeated by that great bugbear of irrigation 
assibilities pre\iously referred to — the cost. 

In respect to the existence of good natural reservoir sites upon 
veams carrying the bulk of its surplus waters, soutliern Arizona is 
urticularly fortunate. The information upon this point, however, 

far from complete, and the subject deserves careful expert investi- 
ktion. 

EVAPORATION. 

Jks previously suggested, one of the most serious obstacles to the 

rtension of irrigation in Arizona by means of storage is the high rate 

evaporation, which often exceeds 100 inches in depth in a single 

mr. 

-A compilation of evaporation results acquired by the Irrigation 
irvey is given in the Eleventh Annual Report of the Geological Sur- 
t^y Part II, Irrigation, page 34. 

Xt has been proposed to lessen evaporation from reservoirs by the 
lltivation of aquatic plants, whose leaves are intended to cover the 
^ace and partially shade the water. This plan was suggested by 
Lptain Glassford in Irrigation and Water Storage in the Arid 
Bgions, page 307.^ It is hardly probable that this method can be 
•3ry effective, from the fact that such part of the leaves as are above 
fcter will probably transpire more or less moisture themselves, and 
parts as are covered with a film of water of course can not check 



Ylfty'flnit Congress, second session, Ex. Df>c. No. 2K7, Irrigation and Water Storage in the 
ikl Regions, a report on the climatology of the arid regions of the United Ste^tAa ^V\Vx t^\^x- 
^ to irrigation. By Gen. A. W. Oreely. 
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evaporation in any degree. A test of a similar method of checking 
evaporation was made by Prof. Edward M. Boggs, irrigation engineer 
and meteorologist of the Arizona Agricultural Experiment Station, 
the result of which is given by him in Bulletin No. 20, on Arizoni 
Weather, page 7 : 

A second tank, an exact duplicate of the first, placed by its side, and proTided 
with a similar gangc, was planted with water lilies of the genus Ni/tnphce, Meas- 
urements were commenced in this tank in September, 1892, when the leaves wdl 
covered the surface of the water. They were continued until April, 1894, whet 
the gauge was needed for another use. A comparison of the results is shown bf 
I)araJlel columns in Table IV. It will be seen that the monthly totals of the two 
tanks are in substantial agreement. The differences are usually small. Tt» 
excess changes so often from one tank to the other as to lead to the concluioi 
that differences are due to accumulations of errors incident to observation, fiot 
it is not easy to apply this explanation to the difference of 0.75 inch in favor of th9 
lily tank occurring in June, 1893. However, the idea that the leaf covering fav 
diminished the evaporation to any considerable extent is dispelled by the facttiial 
for the eighteen months of the record the difference amounts to 1.52 inches oolf, 
a divergence of about 1 i)er cent. 

Another device is here proposed whicli may be worthy of considen- 
tion, and which it is hoped may receive tests similar to those con- 
ducted by Professor Boggs. It is proposed to cover the surface of ^ 
reservoir with a film of crude petroleum, which will form a more w 
less coherent sheet of gum upon the surface and prevent the conUirt 
of air with the water as long as the surface of the reservoir is stiB 
and placid. The tendency of oil to diminish motion of water in 
waves and riffles is well known, and this project might prove morew 
less effective at such times as the winds are not too violent or con- 
stant. This suggestion is made for what it is worth, in the hope of 
inducing experiments to test its value. It must be admitted, how- 
ever, that the prospect is meager for materially reducing the ravages 
of evaporation from reservoirs in this climate, and all plans and esti- 
mates should take them into account to the fullest extent. 

MOUNTAIN RESERVOIRS. 

It is em inontlv advisable in sucli a climate as that of Arizona to 
store waters for irrigation as far as practicable near their source, i» 
order to obviate the enormous loss through evaporation when flowi 
for long distances through the sandy beds of streams. 

It is often erroneouslv assumed that the run-off of a district is 
nearly proportioned to its area. In this arid region the mean ^^ 
charge of the large streams is, owing to evaporation, often more nearly 
in inverse i)roportion to their catchment ai'eas. Thus the Gila Ri^'*^ 
at Yuma has a smaller discharge* than at the m(mth of Salt Kiver, 
whcH'e its catchment area is far less. The Santa Cruz River, at th* 
point where it leaves tlie mountains, <liseliarges annually large quanii* 
tics of water, which become progressively less, until well out intoti* 
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lesert the river is practically lost, and its discharge is zero. The 
lame is true in a greater or less degi'ee of nearly all tlie important 
Irainage lines in the southern x)art of the entire arid region. Added 
this is the fact that in the low, hot deserts the evaporation is usually 

great as to make very serious ravages into the stored volume of 
rater after the rains have ceased, thus materially reducing the sup- 
ply available for irrigation. 

The waters from a reservoir situated within a broad valley or ox)en 
Duntry must usually be conducted in broad channels constructed on 
ght grades through sand or loam where the loss from seepage and 
v^aporation will approximate a maximum; while from a mountain 
aservoir it is usually possible to give deliver}- canals heavy grades 
ad high velocities, reducing seepage and evaporation to a minimum; 
nd, with plenty of grade to spare, natural drainage lines may be 
tilized to a great extent. The seepage from high-level canals 
Eten reappears at lower levels and is not entirely lost. Further- 
lore, water stored in the mountains may usually be made to furnish 

large amount of i)ower that will in the future be very valuable, 
dthont in the least affecting its availability for irrigation. It may 
e laid down as an almost general rule that where there is a choice 
i is far better for the future of the arid region that water be stored 

1 or near the mountains than on desert plains, even when the cost 
f such mountain storage is much greater than the same capacity at 
)wer levels. 

The reservoir sites already described on New River, Rio Verde, 
l-ila and Salt rivers, Hassayampa, Queen, and Cave creeks, which 
re contemplated in the plans of existing companies, are doubtless 
tie best that can be utilized on those streams, and are usually 
8 great and in some cases greater in capacity than required for the 
Qonomical conservation of the waters yielded by the drainage area 
Hbutary to them, exclusive of the great unusual floods which, as 
reviously pointed out, it is neither practicable nor desirable to 
npound. On the drainage of the Gila proper, however, it is not 
Improbable that undiscovered reservoirs exist in the mountains near 
lehead waters of the Santa Cruz, San Pedro, San Francisco, and Gila 
Ters; Eagle, San Carlos, and I51ue creeks, and other tributaries in 
\e mountainous regions, where waters can be more economically 
iored than at The Buttes. When all such reservoirs are constructed 
ad fully utilized, and the ordinary spring and 8uinni(»r flow of the 
Ter entirely diverted for irrigation in the neighborhood of Solonum- 
ille and Fort Thomas, the reservoir at The lUittes niav bo relied 
pen to impound the balance of the run-off tributary to its drainage, 
iththe exception of the unusual floods referred to. This reservoir 

admirably located for the purposes above outlined, being of large 
opacity and, situated at the point where the river finally leaves the 
ountainous region, intercepting nearly all the i\YO\Mi\)a\:w (i^^wi^^'ib 
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yielding the largest percentage of run-off, and yet of snf&ciMili 
elevation to command all the irrigable land adjacent to the middh 
and lower portions of the river. 

When all such sites are utilized there will still be a large area 
excellent unwatered lands in the valleys of Arizona and a la 
amount of surplus flood waters, which, for reasons outlined on pagff 
79, it is not practicable to store in the reservoirs in the mountainai; 
Though these reservoirs include in their catchment the greater p<»* 
tion of the best drainage area of this basin, large areas of foothill^ 
plains, and rocky ridges will still remain which are subject to occi* 
sional cloudbursts and yield in the aggregate a large run-off. A 
of such waters, as well as such part of the seepage from canals anl 
irrigated fields as finds its way back into the stream, can be impounded 
by the construction of a large reservoir on the lower Gila, as described 
on page 7G. Whether it would be sufficient to utilize the water avail- 
able for storage after the upper sites in this basin have been bron^ 
into use can not, of course, l>e known at present. Certain it is tlial 
no rights to flood waters should be acquired by such a reservoir to 
the prejudice of those in the mountain regions, where the water ctt 
be so much more economically impounded and applied, and in tiie 
absence of laws controlling this matter it is not to be regretted, but j 
is rather a subject for congratulation, that this project has not been . 
carried to completion; and it is to be hoped, for the sake of the f utui» j 
of irrigation in Arizona, that it will not again be re\'ived until at a 
least the best of the reservoir sites hereinbefore described have been \ 
constructed or some legal provision has been made to secure their fall .1 

utilization. | 

I 

UNDERGROUND WATERS. 1 

The possibilities of irrigation by the development of percolating 
waters deserves mention. There is in Salt River Valley at present a 
large quantity of water in the gravels underlying the valley. The 
well employed to furnish the greater part of the domestic supply (A 
water for the city of Phoenix is 35 feet in depth and 8 feet in diameter. 
It normally contains a depth of 18 feet of water. The walls are <rf 
cement, so that water can enter only at the bottom. Two Dean 
pumps, each of 840 gallons per minute capacity, are used to raise the 
water into the stand pipe. Both pumps usually run at nearly full 
capacity in July and August, and have raised 33,000,000 gallons per 
month. The discharge has sometimes exceeded 1,400 gallons per min- 
ute, which would lower the water in the well about 6 feet, but wh«» 
the pumps are stopped the water recovers its level in a few minutes. 
A well was dug into the gravel in the vicinity of Mesa, and a cen- 
trifugal pump of about 1,200 gallons per minute capacity was usrf 
to keep the water down and permit the progress of the work. Th<J 
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•ess of water became so great as to be beyond the capacity of the 
ip, and work was stopped for that reason. 

his large quantity of underground water is doubtless due to the 
sssive application of water, as previously described in this report, 
>iigh the months of April and ^lay, while the water in Salt River 
bundant, and irrigators are attempting to "soak up" the land 
[>aratory to the low-water season, when the competition for water 
its becomes severe. If in future this excessive supply during the 
ng months is stored in great reservoirs, as is proposed by the 
fects now contemplated, the "underflow" will be greatly reduced, 
ause so great an excess of water will no longer be applied to the 
Is. Some water will always escape from the fields into the subsoil, 
canals and ditches will also lose a portion of their supply by 
>age, which will be caught by the underflow. This source of sup- 
, while for these reasons somewhat uncertain at present, is impor- 
b in the future development of the valley. 

[easurements were made in the month of June, 1896, by Mr. Cyrus 
^abb, of Salt River above the head of the Arizona Canal, of the 
>unt of water taken out by each canal, and the amount remaining 
.he river below its head. These measurements proved that a con- 
arable quantity of water is returned by seepage to the river bed, 
ich was taken out for irrigation lower down. In one case the 
rease was 80 second-feet in 7 miles, as previously stated. Undoubt- 
y the amount lost by evaporation of these return waters from the 
Br bed and the adjacent soils was much greater. While it is a 
tification to know that some part of the surplus waters applied to 
land returns to the river and can be used again, still this fact 
)rds no excuse for such use, and should not be allowed to weigh in 
or of its continuance. 

n some other parts of the Territory are found underground waters 
greater or less abundance, which may in some eases be profitably 
^eloped by pumping or otherwise for irrigation purposes. This is 
e at least in the country which receives the lost waters of the Santa 
iz and some other streams which have ordinarily little or no surface 
ications, but still discharge more or less water through a pervious 
«oil. Water may be obtiiined in abundance a short distance 
leath the surface along the valley of the Gila River, in the Pima 
»r\'ation.^ Mr. Albert F. Colton has collected a quantity of data 
iting to wells in the Casa Grande Valley, some of which have quite 
)nsiderable flow and varj'^ in depth from 20 to 100 feet. In other 
ts of the Territory wells have been sunk to depths greatly exceed- 
100 feet without striking water. The information collected by 
Geological Survey, together with that gathered by Mr. Colton, so 

r^pation Inveetigation for Pima Reservation. Senate Doc. No. S7, Fifty-fourth Congress, 
td Beasion. 
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far as relates to Maricopa and Pinal counties, is shown in the foil 
ing tables: 

Wellg of Pinal Comity. 



Owner of nlL 



TjsI 



CMftGraode. 



Fred Wekvei 

H. R. Hum.. 
E.Hadler.... 



Andrew Sonnd- 

L. SEogUih 

F. G. Logmu 

S.P.R.R _. 

George Scott 

O.B. Bwingls 



T.F.Marqnwid-.- 

L. E. Grsham 

I J. M. Hurley 

■ j jBinpsF, Pry 

Wra. H. r-ralmm . 
I F.E. Carpenter.. .. 

! ^M..rt*ll 

I DnDl«l BiTiKhum.. 
.1 Shiclasi- Price..., 
. Peter R. Brady... 

I Alandnnud 

I Tbijs. Buchanan.. 



!& 




8 '""""::::: 




\ j.....**.!:::. 




S 1 

i"" 

5 1 


^ 




■» 




« 


■ -1- 


:«.:i 


t : 40 

;':;::;::::■■ 

31 

1,; in ... 




.*' 




■• ' '.., 



L: 



K™ilw..rtL 


■ W. .1 


Mnrl",pa .. 


. K. r. 






... il" 




— -Jo 


.' r.s. 
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WeUa of Maricopa County, 



Ka 



Postoffloe. 



45 Phoenix 

43 do.. 

44 do.. 

46 Tempe . 
46 Mefla... 



Owner of well. 



E. F. Kellnn 1 

Prank A. Phillip.. 1 

Phoenix "Water- 1 
works. 

I 

G. G. Jone« ' 1 



Location. 


1 

s 

«1 


i 


• 

c 


1 


Cost 




1 








»-.2 


iame 


A 


X^ 




T. 


R. 8. 








WeU. 






JH 


Q 


C 


Q 





Ma- 
chin- 
ery. 



Wm. Standage 



1 


rt 


o 


27 


3 


5 


4 


13 


5 


20 



i«w ; 

1889 ' 

I 
I 

1889 
1895 



7 1 
I 



Ft. in 


14 
8 

4*0 
5 



Feet. 


Feet. 


554 


...... 


20 


U 


.')5 


17 




12,700 
5.000 ; 10, 000 



20 
42 



12 ;. 



I 



80 



Ka L— Dn^r well; depth of water does not vary: it can not be easily lowered; flow has not 

iminiBhed; water, soft; raised by bucket and used for domestic purposes; eleTation of surface, 

412L Strata passed through: Sandy soil, 11.5 feet; volcanic ash, 3 feet; hard whitish rock, 2 

ist; aand and small gravel, 8.5 feet; wash gravel, 3 feet; hard whitish rock, 1 foot; gravel, 2 

Mt; hard rock of a water-line formation, 9.5 feet. 

Ko. 2.— Dng well; depth of water does not vary, nof is it easily lowered; flow remained sta- 

onary; water roue 4 feet when struck; water, soft; raised by pump and used for domestic pur- 

oaes; elevation of surface, 1,448 feet. Strata passed through: Clay soil, 6 feet; gravel, 8 feet; 

md, 28 feet; rock of a water formation, 2 feet. 

Ka 8.— Bored well; elevation of surface, 1,4?«2 feet. 

Ko. 4.— Dug well; depth does not vary; is not easily lowered; quality of water, soft; raised by 

ocket and used for domestic purposes; elevation of surface, 1,458 feet. Strata jiassed through 

layiah aoil; last foot lime as water formation. 

Kafi.— Dog well; depth does not vary during year; quality of water, soft: water raised by 

Dckets and used for domestic purposes; elevation of surface, 1,460 feet. Strata passed 

trough: Same as No. 4. 

Ka 6i— Dug well; depth does not vary during year; is not easily lowered; quality of water, 

tft; raised by bucket and used for domestic purposes; elevation of surface, 1,450 feet. Strata 

used through: Clay, with streaks of gravel; bottom in sand. 

Ko. 7.— Dug well; depth docs not vary during year; is not easily lowered; quality of water, 

ird; water raised by buckets and used for domestic purposes; elevation of surface, 1,433 feet. 

Ka 8.— Dug well; water easily lowered; quality of water, soft; raised by buckets and used 

«r domestic purposes; elevation of surface, 1,393 feet. Strata i>assed through: Clay soil, 12 feet; 

nnent, 14 feet: sand, 12 feet; then clay to water. 

Ifo. 9.— Dug well; quality, soft; raised by Imcket; used for house and stock; elevation of sur- 

bce, 1,454 feet. Strata passed through: Sundy soil; bottom in sound rock. 

Ua 10.— Dug well; depth of water does not vary during year; is not easily lowered; flow has 

Lcreaaed; quality of water, salt at first, hard now; raised by buckets and used for domestic 

Drpoees; elevation of surface, 1.375 feet. Strata pa.s»ed through : Gravelly soil ; water in gravel. 

Ifa 11.— Bored well; depth of water does not vary during year; is not easily lowered; water, 

haline; raised by windmill; elevation of surface, 1,403 feet. 

37o. 12. — "Water not easily lowered; it rose when struck; flow increased; water, hard; raised by 

amp; flow, 10,000 gallons per hour; elevation of surface, 1.31Q feet. Strata at bottom: "White 

aid. 

Uo. 13.— Dug well; depth varies with height of river: can not Ix* easily lowered; quality, a little 

ktline; raised by pump: used for domestic purposes. Strata imssod through: Alluvial soil, with 

Aid at water level. 

3fo. 14.— Dug well; depth does not vary during year: can not be easily lowered: water, hard; 

tunped and used for domestic purposes. Clay strata passed through. 

Ko. 16.— Dug well; depth at first, 33 feet; water at 31 feet: sunk 1.5 feet each year; present 

^h,i5 feet, and 1 foot water; is easily lowered; fiow diminished; elevation of surface, 1,483 

^ Sandy clay soil. 

Ko: 16.— Dug well; depth varies during year; water, hard. 

Ko. 17. — Dug well; depth does not vary; is not easily lowered: rose one- half foot when struck; 

>^ty, soft; used for house and stock; elevation of surface, 1,398 feet. Sandy soil; bottom in 

nl 

No. 18.— Dug well; depth does not vary during year; lowers alx>ut 3 feet and no more; raised 

' Stug pump and horsepower; flow. C.«3<)i) »rallons jwr hour; used for irrigatlouv elev«A,\a\i. ol 

■^•oe, 1,880 feet. Sandy soil for 13 feet: 2.5 feet clay; then water m aauOi. 
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No. 19.— Dug well; commences to lower in November and rise in April; variAtioo about 1 
foot; not easily lowered; quality, soft; raised by horsepower; waters 120 head of stock; eleTitioi 
of surface, l.i'iS feet; gravelly soil; bottom in water formation. 

No. 20.— Dug well; depth does not vary; is not easily lowered; quality, medium; raised Iqr 
pump; used for domestic purposes; elevation of surface, 1,51)5 feet; usual water formation 4 
rock at bottom. 

No. 21.— Dug well; quality, soft; raised by bucket; use*! for domestic purposes; elevation of 
surface, 1,440 feet; sandy soil on top water rock. 

Na 22.— Dug well; water rises last of June, falls in December; not easily lowered; quality, lofti 
but getting hard; raised by pump; waters 20 head of hogs, 70 head of stock, 130 trees; elentioi 
of surface, 1,416 feet; soil, sand and clay, with strata of hardpan at bottonx, blue day; mit 
stream comes in from southeast. 

No. 23.— Quality, soft; elevation of surface, 1,441 feet; same rock bottom. 

No. S4.— Dug well; quality, salt; elevation of surface, 1,439 feet; sandy soil; bottom lidor 
water lime. 

No. 25.— Dug well: quality, soft: elevation of surface, 1.450 feet; sand strata. 

No. 26.— Dug well; depth varies during year; not easily lowered; quality, hard; raised It 
steam pump; elevation of surface, 1,467 feet; at 3 feet struck coarse gravel, lasting 80 fe«t: bot' 
tom in water lime. 

No. 27.— Dug well; cased with redwood; lowers in summer; easily lowered; quality, soft ul 
pure; soil, 11 feet alluvium, balance quicksand. 

No. 29.— Dug well; size, 4 feet at top, 6 feet at bottom; level lowers some in summer; qiultti; 
soft; raised by steam pump, 1.000 gallons in twenty-four hours; used for stock, garden, ui 
traveling public; strata, clay, sand, and small gravel, bottom in coarse gravel. 

No. 30.- Drilled well; depth does not vary; can not })e lowered with horsepower pump: ofll 
for stock; strata, limestone. 

No. «'£.— Dug well; depth lowers in summer; raised by horsepower and barrel; canbeponvtt 
dry in five hours; used for stock and by the public. 

No. 33.— Drilled well; dry; 3 miles southwest of Whitlow's ranch; between this well ul 
Florence are three other dry wells, with depths of 150 feet each. 

No. 3i.— Well sunk in Queen Creek wash, 2i miles below Whitlow's ranch; no water found. 

No. 36.- Well at Qoldfleld; more water in well in winter; can be easily lowered; raised %r 
hand pump; used for stock. 

No. 37.— Dug well; level rises in April, falls last of July; is easily lowered; flow has in am td; 
quality, soft at first, now medium; raised by buckets, and waters 1(X) head of stock and SOtreei: 
elevation of surface, 1,466 feet; gravelly soil with streaks of limestone. 

No. 38.— Dug well; not easily lowered; water soft; raised by steam pump; discharge, 10,OOOSiI- 
lons per hour: elevation of surface, 1.170 feet; gravelly soil. 

No. 30.— Dug well: elevation of surface, 1.3t«0 feet; lK»ttom in gravel. 

No. 40.— Dug well; depth doen not vary during year; can be lowered by two buckets: w»t« 
soft, raised by buckets, and used for domestic purposes; elevation of surface, 1,450 feet: sairfj 
soil; water in a soft sandstone. 

No. 41.— Dug well: caimcity tested by t>-inch centrifugal pump giving one<tenth of a cubic foot 
]>er second, or 8,640 cubic feet per day; i)ercolating area, 242 scjuare feet, indicating a yield of IS 
cubic feet per day for each square foot of surface. This surface is in a very hard clay, whkfc 
has stood eight years without walling and still shows marks of the pick used in digging: witff 
used for mill and domestic purposes: raised by steam pump. 

No. 42.— Bored and drilled well; 18 feet to surface water; slight flow at 382 feet; not eadT 
lowered: used for irrigation: alluvial soil 15 feet, hardpan 10 feet, alternate gravel beds K'iOfwt 
sand, cement, etc. 

No. 43. -Dug well; depth fluctuates about 30 inches during year; can not be easily lowerad; 
quality, soft; raised by steam pump; discharge, 2 .s<»cond-feet, and irrigat<js 330 acres. 

No.44.— Dug well: Ifvel not easily lowered : quality, hard: water raised by pumi)ing; diseliaif(< 
2.500,000 gallons per day; 8upi)lies water to city of Phoenix: level steadily risen during paatt* 
years; first 16 feet alluvial soil, balance l>owlders and coarse gravel. 

No. 45.— Dug well: ca«ed for 6 feet; level varies 4 feet during year: can be easily lower*: 
quality, soft: raised with bucket, and used for domestic purposes: strata, sciil for about W 
feet, hardi)an of cement and rock.s gravel. 

No. 46.— Dug well; walled with brick; depth varies during year; not easily lowered; qnality. 
soft. 

A scientific investigation of further possibilities is very importanl 
both to develop resources along this line and to obviate fiirlher 
loss from unsuccessful attempts of this character. The irrigation 
possibilities from underground development are undoubtedly irapor 
tant, but it is not intended here to emphasize this fact, for the popu- 
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ir niiiMl is already Ulled with very exaggerated ideas of such possi- 
ilities. Extravagant estimates of tlie quantity of *' underflow" are 
ife on all hands, and it is recognized as an important though thank- 
?88 duty to disabuse the public mind of such erroneous ideas so far 
8 possible. One i)ha8e of this general impression is the opinion that 
he drj' streams which abound in the valleys of Arizona must have a 
urge underflow because the same streams carry considerable water 
urther up in the mountains. It seems to be forgotten that the pot^n- 
lal evaporation in the valleys of Arizona ranges, according to locality 
nd season, from 5 to 10 feet in depth on the entire area exposed to 
Qch evaporation. 

It is the common assumption that evaiM)ration is much higher from 
water surface than from a saturated soil. The actual daUi on this 
oiiit are very meager, but so far as observations have been taken 
ley seem to indicate that evaporation is greater from saturated sands 
lan from the surface of a deep body of water, even though such 
mds may appear dry on the surface. The reason for this may be 
mnd in the fact that the temperature of such sands rises much 
[gher under the action of the sun than that of a large body of water; 
iso, that for a considerable distance below the surface the particles 
f sand or of soil are kept moist by the action of surface tension and 
ipillarity for a considerable distance above the point where all the 
>id8 in the sand are filled with water. By this means a far greater 
rea of moist surface is exposed to the action of the dry air than is 
le case with a smooth sheet of wat«r. 

But whatever the reason, and whatever the exact ratio the evapo- 
ktion from a sand bed bears to that of a bodv of water, we do know 
lat it is very great, and that if the precipitation of the entire Terri- 
ny of Arizona were so distributed as to give the potential evapora- 
on of the climate full play, the evaporatitm would, even in the very 
ettest years, absorb the entire rainfall, and the run-off would at all 
mes be absolutely zero. That the streams do yield a considerable 
lantity of run-off in the aggregate is due to the fact that precipita- 
on is largely in excess of evaporation at certain times and in certain 
aces, while at other times and in other places no moisture at all is 
[posed to the evaporating influence. 

The above-recited facts are abundantly sufticient to account for the 
lenomena of many streams having a considerable discharge near 
eir source in mountain regions and being ordinarily dry in valley 
gions, by the evaporation of the water from their sandy beds, with- 
t introducing the hypothesis of a large underflow. The Agua Fria 
a typical stream in point. There are parts of its upper course in 
lich it is ordinarily a very considerable stream and is never dry; 
ar its mouth it is ordinarily entirely dry and carries water <mly 

seasons of excessive rainfall. The idea seems to have been at 
e time prevalent that this stream carried a \aT^% awvowvX^ <:il ^^^ft 
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so-called ** underflow," but the construction of the dam of the Agua 
Fria Water and Land Company, a short distance below Frojr Tanks, 
which was carried down 40 feet through the sands to be<l rock, made 
little or no perceptible increase in the i)ermanent volume of water 
flowing at that point. A measurement was made of the water flov- 
ing through the sluiceway of the dam in April, 181»0, and this showed 
a discharge of only 3.75 cubic feet ixm* second, which is said tohave 
been about the owlinary flow previous to the const niction of the dam. 
Another measurement made the same dav about a mile above this 
point showed a discharge of about 3 cubic feet per second. The 
difference between these me^isurements may perhaps indicate the 
increase in the stream due to the development of the underflow, ihoujrh 
even this is by no means certain. Even if the entire discharge of the 
stream were considered as developed from the underflow, its volume is 
nowhere near commensurate with the cost of development. AVhile 
the experience in this case is of course not conclusive with I'esi^ectto 
all other streams, it is an emphatic refutaticm of the popular theory 
that such water as falls in rain must In? found either flowing in the 
surfaee streams or under ground. Attempts at extensive undei-ground 
development should in all cases be preceded either by careful and 
judicious experiments or thorough scientific investigation. 

The development of umlerground watera by means of pumiKS is 
greatly hampered by the scarcity and cost of suitable power. In 
some parts of the Territory firewood is at i)resent abundant and 
cheap, but it is of slow growth, and if ext<»usively omjiloyed in irriL'a- 
tioii would in time l)ee()nie (exhausted, 'i'he i>ri<*e of coal is j)n)h:l»- 
itory for any such purpose on a larg<* seale in any ])art of ii;i' 
Territory, as is also that of i)etrohuini, gasoline*, or any other iin]Mirt- 
able fuel. The time niav eonie when some of the uianv avjiilai'If 
water ])owers in the foothills will he harnessed for tht* gen<Taii«»ii »l 
eleetrieity, to he transmitted to j)roi)er points and used for i)Uiiij)inj: 
water for irrigation, hut thes<» schemes can hai'dly l.)e eousiderctl at 
present within the realm of jiraetieal eonsidrration. A few aUeiiii»i> 
have been made to llarn(^ss the winds to this work, but this m()li\> 
power, always liekle and unreliable, seems to be espi^eially so in \hv<*' 
valleys; long jxM'iods of calm ai'e said to occur during the nimiilh 
when watei* is most needed, and it is nsuallv considered nee<*ssarv to 
reenforce such j)lants with st(»am or othei* motive j)owei". >nim' 
d(*V(do])ment, howevei-, may be expected from nearly all the metlM«l> 
above* mcMitioncil, but for a long time to come tliev must necessarily 
]>e on a small scale and usually for individual ]>nrposes. 

SUMMARY. 



It may b(» in onler heie to jioint out some of the dillieulties un»lor 
whicli iri'igation has liei'ctot'ore labored, an<l to suggest uioan^ tor 
obviating them in future. A glance at the maj) of Salt River Valley 
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tXX) will show at once that there has been an enormous waste 
ergy in the construction of numerous and parallel canals with 
cting claims and interests. On the north side of the river are 
armers', Salt River, Maricopa, Grand, and Arizona canals, to be 
ieled by the partly constructed Rio Verde Canal. All of the land 
• the Arizona Canal could be watered much more cheaply and 
Tar greater economy of water from the Arizona Canal and its lat- 
Most of the labor and capital expended in the construction of 
hers has been worse than wasted. So long as they are used in 
etition with a larger canal, acrimonious contests over water rights 
le inevitable result, and when all concentrate under one manage- 
the competition for water rights is transferred from companies 
lividuals, and as long as the smaller canals remain in use they 
fruitful source of waste of valuable water. On the south side 
e river the condition is, if possible, still worse. The Broadway 
>an Francisco ditches, and Tempe, Utah, Mesa, and Highland 
s will be paralleled by a higher canal proposed by the Hudson 
•^'oir and Canal Company. They might be advantageously super- 
[ bj'' a single large, high-line canal, which would be far more 
imical of water, and all the labor and expense of the smaller 
s would thereby be obviated. The greatest evil of the system, 
ther lack of system, heretofore followed in the development of 
ition along Salt River, however, is the growth of conflicting claims 
ter. This has always been productive of vindictive and expen- 
itigation. Large areas of laud have been brought under cultiva- 
iiaving no adequate water right, and crops have l>een dried up 
labor wasted, and some areas abandoned, for lack of water for 
ition. This e\il in this particular valley, so far as present condi- 
are concerned, may perhaps be largely remedied by the con- 
tion of storage works upon the Verde and Salt rivers; but unless 
IS are employed to prevent it the same condition will again arise 
I the limit of irrigation is reached under the storage systems 
)sed. 

liatever claims are made to the contrarv, it is a fact that the area 
id to be irrigated in this portion of the Territory is much larger 
can l>e served by any possible water sui)ply that can be made 
able for such irrigation. Neither Arizona nor Salt River Valley 
y exception in this regard to the rest of the arid region, but in 
ma and New Mexico the land and water are both still under the 
diction of the United States Government, and steps should at 
be taken to determine where and to what extent the water 
irces can be most economically developed, and no irrigable land 
Id pass out of the hands of the Government for irrigation pur- 
i except such areas as it may be possible to irrigate. Persons 
Id not be allowed to obtain possession of the lands to be irrigated 
pt upon terms involving actual irrigation and cultivation. The 
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absurdity and wastefulness of the contrary iK)liey are strikingly illufr 
trated by a study of the map of the irrigated areas under the Florence 
Canal. More than a hundred thousand acres of irrigable land might 
be conveniently served by this canal if it had a sufficient quantity of 
water. There are, in fact, about 0,500 acres watered from it, veiy 
little of which lies near the canal, and most of which is in small iso- 
lated tracts. To water such tracts in such a manner requires not only 
a large amount of construction upon laterals, which under any rational 
system would be unnecessary, but it also involves an enormous loss 
of water through evaporation and seepage from the long laterals 
required to conduct the water to the small scattered patches of culti- 
vated ground. The water flowing through the Florence Canal during 
the year 1800 was more than treble that which would be required to 
mature the crops grown in that year had it been economically dis- 
tributed and applied. 

The following summary of the various conditions and possibilities 
regarding the irrigated areas of the Gila Kiver and Salt River vallej'S 
must be taken with a large allowance for erix>r both regarding exist- 
ing conditions and future possibilities. It is, however, of some value 
and interest as repi'esenting in round numbere the results of the best 
data at present available to the public. 

Summary of irrigation in Gila River and Salt Hirer txiUeys, 

Acres. 

Irrigated area in Cochise County 3.000 

Irrigated area in Gila County 1, <XW 

Irrigated area in Graham County _ 10. «hM 

Irrigated area in Maricopa County 6<'. 0"" 

Irrigated area in Pima County 4JAK^ 

Irrigated area in Pinal County 7. •>"0 

Irrigated area in Yuma County 1. <n1i) 

Total irrigated area 106. 0"0 

Additions may be made to the above area as follows: 

Arren. 

Rio Verde Canal project, including New River Reservoir 150, UOO 

Tonto Basin project 300.<»"" 

Agua Fria project, lx)th reservoirs ^ii. ixn) 

Cave Creek i)roject Id. ih"! 

Queen Creek project .">, (kn) 

Walnut Grove project T). (»• 

The Buttes Reservoir m). '«>' 

Oatman Flat Reservoir 50. i»3 

Various small reservoirs on tributaries of the Gila _ .")0. 0'''' 

Underground developments 'j<». oim 

Total TTojyui 

Already irrigated 10^;. (xn) 

Grand total ^76. oOO 
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It is believed that these estimates are generous and that it will be 
very many years before the above figures are approache<l in actual 
practice. Of course other possibilities exist in Arizona from the use 
rf the waters of the Colorado and its tributaries other than the Gila 
lystem. This estimate includes only the Gila system, and though the 
ibove figures are only rough estimates, they are suggestive of the 
mportance to the future of Arizona of some comprehensive system 
>f irrigation administration based upon principles of broad economy, 
ind especially of the necessity of an exhaustive investigation of the 
^ater resources and of the most efficient means of utilizing them. 
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LETTER OF TRANSMITTAL. 



Department of the Interior, 
United States Geological. Survey, 

Division of Hydrography, 

Washingtoriy February 4, 1897. 

R: I have the honor to transmit herewith a paper entitled '^ Sew- 
Irrigation," by George W. Rafter, and to recommend that it be 
lished as the third number of the series of pax>ers upon water 
)ly and irrigation. The manuscript of this pax)er as submitted 
Ir. Rafter contains a considerable number of details, which have 
I to a certain extent generalized, and also gives a discussion of 
^ purification in the United States, with descriptions of the 
cs erected at various localities, together with an appendix con- 
nga list of publications relating to sewage irrigation. The limit 
)0 pages has, however, necessitated the dividing of the manuscript 
two parte. The first constitutes this paper, while the latter has 
I held for publication in a future number of this series. It refers 
ily to the results attained in various portions of the United States, 
gives a few examples from the neighboring Province of Canada, 
changes that have been made in Mr. Rafter's paper have been in 
direction of adapting it to popular use, in order that the neces- 
« and benefits of sewage irrigation may be more generally appre- 
Bd by the public. 

Very respectfully, F. H. Newell, 

Hydrographer in Charge, 
on. Charles D. Walcott, 

Director United States Geological Survey. 
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SEWAGE IRRIGATION. 



By George W. Rafter. 



IMPORTANCE OF SEWAGE IRRIGATION. 

Owing to the rapid growth of urban x>opuIation during the past few 
decades, and the consequent increaHe of ix)Ilution of streams from 
which water sapplies are obtained, tlie subject of sewage disposal lias 
come to be one of prime importance. As regards the United States, 
however, it is only within the past few yeai-s that the subject of sewage 
purification and its relation to the purity of streams has attracted 
general attention. In view of tlie large number of people concerned 
and the benefits to be derived from the dissemination of information 
on thisBnbject, there is probably no topic relating to water supply and 
irrigation which is of greater importance to the country as a whole. 

The citlxens of all our municipalities are interested as a mere matter 
of sanitation in the innocuous disposal of sewage. Independent of 
oommeroial considerations, the towns should welcome any suggestion 
looking toward ridding them of what is in most cases a dead weight on 
the hands of the municipal authorities. The farmers, especially 
market gardeners in the vicinity of towns, should be able to utilize 
sewage with advantage to themselves, thus rendering beneficial what 
is otherwise a source of danger to health. It is the object of this 
paper ^ to point out to American farmers and to municipal authorities 

There la nothinic especially new or nrlgrinal with the author in the methods of HewaKc irriga- 
tion wUch are here presented. It Ih merely proposed to describe, so far an possible in non- 
tcdmlCRl Imgiiage and for the benefit of Ameritrau farmers, not rmly what in being done to-day 
abroad, bat alao what is being done here at home. The author wishes in this connection to 
admowMlge his obUgation to a number of sanitary engineers who have kindly placed at his dis- 
posal infonnatioiii and illustrative material emlxxlied in this pai)er. In addition to courtesies 
re cel Tgd from gentlemen connected with the management and operation of sewage farms abroad, 
as axAnonrledged in the paper in connection with the discussion of the seveml farms described, 
the anthcnr la under special obligation to James Forest, esq., now honorary secretary of the Insti- 
tntkm of CiTil Engineers, for information as to how and wliure to see the lx*st examples of sew- 
age fannlzig In ESngland. Among American engineers to whom acknowledgment is due may 1m 
nMOtloned Samuel M. Gray, M. Am. Soc C. E., of Providence; Allen Hazen, Assoc. M. Am. Soc. 
C. B., of Boston: Frank H. Snow, Assoc. M. Am. Soc. C. E.,city engineer of Brockton, Massachu- 
■etta; George H. Carpenter, C. E., city engineer, Pawtucket, Rhode Island; Carroll Phillips Bas- 
sett, M. Am. Soc. C. E., civil and sanitary engineer. Summit, New Jersey; Benezette Williams, 
civil and sanitary engineer, Chicago; G^eorge H. Frost, C. E., business manager Engineering- 
News; M. N. Baker, Ph. B., associate editor of Engineering News: Col. George E. Waring, M. 
Inst. C E., street commissioner. New York; and Harrison P. Eddy, C. E., superintendent of 
•ewers, Worcester, Massachusetts. 
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the fact that under certain conditions sewage may be ntilized witk 
pri)fit and to indicate in general terms how this may be done. 

In the arid and semiarid portions of the West sewage utilization ig 
of especial importance, for there every drop of water, especially dm^ 
ing the summer season, is needed for the production of crops. The 
relatively small flow of the streams, combined with the warm climate, 
renders sewage especially obnoxious if not properly cared for, so tliat 
considerations of health and comfort are added to those of increased 
land values due to complete utilization of the water supply. The 
introduction of sewage irrigation in the West is more easily aoeont- 
plished than in the East because of the general employment of water 
in agriculture. The first use of sewage in thi^ connection in the. 
West was probably at Cheyenne, Wyoming, in 1883. It has ideo, 
been used at Colorado Springs and Trinidad, Colorado, at Fresne^ 
Pasadena, Redding, Los Angeles, Santa Rosa, and Stockton, Cali* 
fornia, at Salt Lake City, Utah, and at Helena, Montana. 

The popular idea, not only with us here at home but very laigeljr 
abroad, is and has been that anything and everything connected 
with sewerage and sewage disposal is of so vile a character that it 
must be kept entirely out of sight. Out of sight, out of mind, has 
been the universal principle thus far. The immense aggregation of 
population in cities, however, by forcing the subject upon the atten- 
tion of urban communities, has served to modify somewhat this pop- 
ular misapprehension. At the present time the few persons who have 
thought out the rational view of these subjects hold that the old notion 
was, like many old notions, essentially wrong. Sewage is a gi'eat fact 
of existence, and the proper way is not to ignore it but to meet the 
problem on its merits, the sam(* as other difficulties are met and over- 
come. In this spirit, in England, at any rate, it has become quite 
common to build the necessary works connected with sewerage and 
sewage disposal as ornamental as possible, and in the United States 
tliis plan has been likewise followed in a few places. 

Sewage purification was first attempted in England al>out forty 
years ago. At that time extravagant and, in the main, essentially 
erroneous views were entertained as to tlie possibilities of its utiliza- 
tion in agriculture. Especially was this true as regards the manufac- 
ture of artificial fertilizers from the sludge of various chemical 
I)rocesses. Large investments of capital were made and concessions 
granted by towns to private companies, practically all of which were 
for processes of chemical purification. With very few exceptions 
these investments have all proved a dead loss. The purification of 
sewage by chemical treatment at a commercial profit has been found 
impracticable. In the meantime land processes, which have devel- 
oped contemporaneously with the chemical purification processes, 
have in every sense held their own, until at the present time it can be 
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1 that nnder proper conditions a fair profit may be made by the 
tivator from the utilization of sewage in agriculture. 
Lbont twelve years ago the author began to collect information in 
ard to the pollution of streams and the purification of sewage, with 
cial reference to the conditions existing in the United States. At 
t tune, aside from the work done by the Massachusetts State Board 
lealth and that just begun by the city of Philadelphia, very little 
mnation was available as to stream pollution in this country; nec- 
iiily one studying the subject must go to the foreign sources of 
mnation, and for this purpose nothing better could be found than 

voluminous English sanitary reports, issued from time to time 
various royal commissions and by a number of the large munici- 
Ities of that country. But since about 1886 the subject of sewage 
ifieatdon and its relation to the purity of streams has received 
ch consideration in the United States, so that at the present time 
have over sixty purification works in operation. American data 

therefore accumulating rapidly, and we may hope in a few years 
re to have arrived at a full understanding of the more important 
nciples involved in sewage purification and the prevention of pol- 
ion of streams as applied to our special conditions. 
[*he conditions here are quite different from those existing abroad. 
the fijrst place, the streams are much larger, and so far as the pro- 
Btion of mere effluvium nuisances is concerned they can take larger 
entities of sewage without offense, although it ought not to be over- 
ked that since many of our streams are the sources of public water 
>I>lies the effect of sewage pollution may be even more harmful than 
>agh effluvium nuisances were produced, which, however unpleas- 
b to the sense of smell, are not always the source of special impair- 
mt of health. Again, it may be pointed out that land, even in the 
mediate vicinity of large towns, is much cheaper here than abroad. 
a number of cases in England the lands utilized for sewage irriga- 
n have cost as much as £400 to £500 per acre, whereas with us fre- 
ently suitable lands can be purchased within practicable distance 
towns for from one-quarter to one-eighth of these figures. 
rhe large amount of experience gained abroml should have weight 
d value. For this reason an attempt is herein made to present sali- 
bly the current European practice of sewage utilization. We have 
ed too often to work out for ourselves what is popularly known as 
5 American method, ignoring the experience of others. We may 
18 attain unto knowledge in the course of time, but meanwhile 
kny unprofitable investments will be made and money and time will 

unnecessarily lost. In this respect the conditions are similar to 
«e seen in the development of oMinary forms of irrigation in the 
3St, where frequently expensive works have been built and operated 
liout a knowledge of the water supply or other conditions. A very 
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cursory study of Old World irrigation would have saved considerable 
loss and resulted in more satisfactory results than those now attainei 
In many of these older countries, ha\ing physical and climatic condi^ 
tions almost identical with our own, methods of agriculture and d 
controlling and utilizing water have been developed through the tri 
and failures of unnumbered generations. We are merely repeal 
many of their mistakes, and are only gradually coming to app: 
the fact that a more complete knowledge of the experience of 
rest of mankind would be of incalculable value to us. 

GENERAL PRINCIPLES. 

The more important of the general principles discussed in this pa] 
are brought together at this point for convenience of reference: 

(1) Sewage purification is an imperative duty which municii>ali 
owe to the owners of riparian rights, and which can not be negl 
by municipalities without such an infringement upon those rights 
it is now well established may be prevented by legal process. 

(2) Sewage utilization should go hand in hand with purificatioa. 
When operated with reference to all the necessary conditions, a propel 
degree of purification may be attained as well as satisfactory utilize 
tion. 

(3) The proper method of utilizing sewage is, for purposes of irriga- 
tion, by means which do not differ, except in matters of detail, fi 
those of ordinary irrigation as practiced abroad for centuries. 

(4) In order to utilize sewage to the best advantage, the to>vns should 
construct, at their own expense, intennitteiit filtration areas on which 
the sewage maybe efficiently purified when not required for use in 
agriculture. Farmers utilizing sewage iu agi'ieulture should l>e in- 
quired to take it only as needed for the best results on crops. 

(5) The theory of the action of intermittent filtration is in effect the 
theory of i)urification as effected by broad irrigation, the difference 
between the two l)eing chiefly a matter of detail. 

(G) In the purification of a strong acid sewage from manufacturing 
towns it may sometimes become desirable to treat the sewage by » 
chemical process before utilizing it in agriculture. For this purpose 
lime is the chemical commonly used. 

(7) In case the eftluent from sewage purification works or areas is 
to be passed into streams which are the source of drinking water for 
towns farther down, the degree of purification should necessarily i)e 
high. The experiments of the Massachusetts State Boai*d of Health 
show that there is no trouble in removing from 95 to 90^ per cent of 
the organic imx)urity, as indicated either by the chemical constituents 
or by the bacteria. When as much as 09 per cent is removed, the 
sewage becomes chemically purer than the water of many wells, and 
there is, so far as known, absolutely no reason why it may not pass 
safely into a stream used as the source of a public water supply. 
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(8) Intermittent filtration areas are best constructed of coarse mor- 
r sand, as shown by the experiments of the Massachusetts State 
oard of Health. 

(9) Intermittent filtration is chiefly a biological process, in which 
!e nitrifying organisms, with the assistance of oxygen and the 
inerals naturally in solution in sewage, resolve objectionable organic 
alter into mineral nitrates, etc., the whole process, when properly 
ndacted, taking place without the production of objectionable odor. 
\ie conditions for successful treatment are, generally, intermittency 
application and open spaces in the filtering material to which com- 
on air may easily gain access. Such filters may be expected to 
mty from 30,000 to 100,000 gallons per acre per day, the amount 
spending upon the quality of the material in respect to sand and 
uter content, as defined by the studies of Mr. Allen Hazen.^ 

(10) Sewage may be purified by broad irrigation at all seasons of 
e year at any place where the mean air temperature of the coldest 
onth is not lower than about 20° to 25° F., while by the use of inter- 
ittent filtration it may be purified fairly well down to a limit of 
f^ to 20° F., provided the sewage reaches the purification area at a 
mperature not lower than about 45° F. 

(11) From the experience gained abroad it is clear that we may 
locenssfully cultivate almost any of the ordinary agricultural produc- 
cms of the United States on sewage farms, due regard being liad in 
rery case to the special conditions required for each particular crop. 

(12) The most efficient purification of sewage can be attained by 
B application to land. 

(13) On properly managed sewage farms the utilization of sewage 
; not prejudicial to health. 

(14) In comparing the results of sewage utilization as thus far 
btained in the United States with the results obtained abroad it is 
lear that, generally speaking, we have not been specially successful. 
A one chief step toward a remedy for this we need to create in tliis 
)untry a class of sewage-farm managers who are thoroughly familiar 
ith all phases of the question. Thus far the management of Amer- 
an sewage farms has been usually in the hands of committees of 
innicipal councils having little or no knowledge of the real govern- 
ig conditions. 

(15) The experience in England, Germany, and France, and also 
tat gained in this country, all points to intermittent filtration relief 
•eas, on which any surplus sewage not required in agriculture may 
» purified, as the rational method of procedure. 



'From SOfOOO to 100.000 gallons of ordinary raw town sewage may Ixj so thoroughly purified 
it it may be admitted to Htreams from which public water supi)lieH are taken. If a less thor- 
ph pnriflcation Is required, or if the sewage has been previously treated with lime, from 
000 to 300,000 gallons per acre i>er day may Ix; successfully purified. 
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SEWAGE DEFINED. 

Before proceeding to the main discussion, it is necessary to knot 
the meaning of the terms in common use. By sewerage we refer ti 
the general practice of removing the liquid and solid wastes of tk 
human economy, as well as the washings of streets and manufacturiBg 
wastes, by water carriage. A sewer is the conduit in which, by tti 
medium of water, such removal is effected. Sewage is the geneiit 
term, not only for the combined water and wast« matter flowing ii 
sewers, but also for the mixed solid and liquid matter handled eith«f 
by pail or by pneumatic systems. 

Ordinary city sewage contains a great variety of ingredients k 
addition to the waste water from kitchens, baths, laundries, and otte 
domestic of&ces. In manufacturing districts it may contain the refiM 
substances of various manufacturing processes, the whole diluted 
with a considerable amount of water, to which, in rainy weather, ii 
towns with combined sewerage systems, is added a large amount of 
sand and earth and organic matter from the street washings. Witt 
separate systems of sewers street washings are excluded, and the 
sewage, by reason of containing the house drainage only, has a mrA 
more uniform composition than is found in the sewage from combined 
systems; whence it results that the sewage from separate systems il 
somewhat more amenable to treatment, for two reasons: (1) because 
of more uniform composition; (2) on account of less variation in 
quantity. In case sewage is to be purified at sewage-disposal works, 
both these considerations lead to decrease in first cost of the works 
as well as to decrease in annual exj)ense of operation. In ease of 
utilization of sewage for irrigation, the same considerations lead to 
certainty and ease in the utilization as well as to decrease in the 
expense, ^ 

In American (dties, which use at least GO to 100 gallons^ of water per 
capita per day,^ sewage is considerably more dilute than in foreign 
cities, where from ?>0 to 50 gallons per capita is more nearly the daily 
allowance. As remarked by Mr. IVlills in the special report of the 
Massachusetts State Board of Health, we mav sav that the sewa<?eof 
the average American town will contain soinethiuic like 098 parts of 
water, 1 part of mineral matter, and 1 part of organic matter. The 
mineral matter, as it ordinarily exists in sewage, can not bo consider^ 
as specially harmful, and from a sanitary point of view the object of 



1 Sf?i? Sewaj?e Disposal in the United Stat<.»s, Rafter and Baker, Chapter VIII, "General data(^ 
sewage disposal," and Chapter IV, *' The Relf-puriflcation of running streams." etc., for detail^J 
discussion of fundamental points only briefly touched upon here. 

^ In all cases by gallons is understood the United States gallon of 25^1 cubic inches, or <U338^ 
cubic feet. 

'For information as to the use of water in American cities and towns in detail, see the ilaaitfl 
of American Water Works. A few cases are cit«Ml on j)'iK«^- !♦>• following. 
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wage purification is chiefly to get rid of the one one-thousandth part 
organic matter.^ 

Comparing several series of analyses, both American and English, 
becomes apparent that ordinary town sewage in England is usually 
•nsiderably more concentrated than that of the American towns. 
18 very imx)ortant to bear this in mind in applying English data to 
merican conditions. The elaborate experiments conducted by the 
asaachusetts State Board of Health at Lawrence, and which have 
)en reported from year to year in the annual reports of that board 
om 1888 to the present time, indicate that there is a relation between 
le purifying capacity of different filtrating materials and the amount 
' impurity which can be removed from sewage of a given strength, 
his point is strongly brought out by the experiments conducted by 
le Massachusetts board. It follows, then, that if we prepare special 
reas of sewage purification in accordance with the indications of the 
asaachusetts experiments we may expect to apply somewhat larger 
dumes of average American dilute town sewage per unit of area 
lan has usually been found expedient in English practice. If, there- 
>re, we use English data without reference to the quality of the soil 
> which the sewage is to be applied, or of the sewage itself, we shall 
D likely to arrive, at times, at more or less erroneous conclusions. 
As a summation of this part of the discussion, we may say that the 
tiief object of sewage purification is to rid the sewage of the one one- 
lousandth part of organic matter which it contains, and that all of 
le appliances for sewage purification and utilization may be eonsid- 
red as directed towaixl this one point. 

QUANTITY OF SEWAGE. 

In considering processes for the utilization of sewage, either in 
gfriculture or for its direct purification by chemical methods or by 
itermittent filtration, it becomes necessary to learn, fii'stof all, what 
oantity of sewage maj' be expected from a given ]X)pulation, and, 
lasmuch as the fiow of sewage will vary with the quantity of water 
apply, oar first inquiry may be properly directed toward ascertain- 
ig the amount of water used in American towns. It may be pointed 
ut, however, and, indeed, strongly insisted upon, that general dis- 
nssion of this phase of the question can only be of use as indicating 
Bsted and approved methods of procedure. The conditions vary so 
reatly in different towns that each case must be taken by itself as a 
problem for special solution. 

If we examine statistics of the average consumption of water per 
tihabitant in the various cities of the United States, as given in the 
fanual of American Water Works and in other publications, we 



■See table in the Twenty-Sixth Annual Report of the State Board of Health of Massachusetts, 
iM, page 457, for the average compositiou of the sewage used in the experiments conducted 
t Lawrence by that board from 18-^ to 1894, inclusive. 
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learn that tliel'e are wide variations. Without attempting to sh 
their extent here, we may cite the statistics of a few cities of 1 
United States by way of illustration : 

Average tise of tcater in various cities of the United States, 



City. 



Population, 
1890. 



New York 

Chicago 

Philadelphia 

San Francisco 

Buffalo 

Washington 

Allegheny, Pennsylvania 

Lowell, Massachusetts 

Fall River, Massachusetts 

Cambridge, Massachusetts 

Atlanta, Georgia 

Dayton, Ohio 

Troy, New York 

Trenton, New Jersey 

Portland, Oregon 

Lawrence, Massachusetts 

Manchester, New Hampshire 

Williamsport, Pennsylvania 

Birniini^haui, Alabama 

Newton, Massachusetts 



1,515,301 

1,099,850 

1,046,964 

298,997 

255, 664 

230, 392 

105, 287 

77,696 

74, 398 

70, 028 

65, 533 

61 , 220 

60, 956 

57, 458 

46, 385 

44, 654 

44, leo 

27, rS'2 

20. ITS 

24.871) 



Daily use 
per inhab- 
itant. 



1 



OcUlon*. 

79 

140 

132 

61 

186 

158 

59 

66 

29 

64 

36 

47 

125 

62 

203 

62 

44 

143 

162 

40 



Many other cases could bo cited from a vast mass ot* statistics l)e 
ing upon this subject now in existence, but llu^ foregoing are suHioii 
to show that the use of water in towns, both large and small, does 
follow any special law, and that tlie only way to proceed will b€ 
consider each case on its merits. On this point we may say t 
usually the use is smaller in towns provided witli meter systems tl 
in those without, and, further, that in those towns wliere meters 
l)eing gradually introduced the tendency seems to be, on the wh 
toward a reduction per capita of consumption; all of which nii 
emphasizes the importance of studying each case on its merits. 

In making arrangements for utilizing sewage in agriculture, ore 
for the puri^ose of purifying it in order to com})ly with sanitary" requ 
ments, it is very imi)ortaiit to take into account the future growtl 
the town. The tendency of the last few decades has clearly beer 
the direction of great increasf^ in url)an population, as illustrated 
the reports of the last eensus. 
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In addition to variations in quantity of sewage due to varying uses 
of water in public supplies, we may frequently expect to find variations 
due to infiltration of drainage water into the sewers themselves, which 
will of course increase the flow of sewage over and above that due to 
the water supply, and to leakage from the sewers through gravel and 
other porous material and through the seams of rocks, which tends to 
decrease the flow below the amount due to the water supply. Both of 
tliese sources of variation will frequently operate to modify conclu- 
sions based upon water supply purely. 

According to Frederick P. Stearns, M. Am. Soc. C. E.,^ the amount 
of ground water finding its way into the sewers of the main drainage 
system of the city of Boston is about 45 gallons per capita per day. 
This large filtration is due chiefly to the fact that many of the older 
sewers of Boston are built of either dry or relatively open rubble 
masonry, while some of them follow the threads of old water courses, 
lx)th of these circumstances leading to relatively large contributions 
of ground water. 

At East Orange, New Jersey, a separate system of sewers was car- 
ried out in 1886 and 1888. The infiltration as measured before any 
house connections were in use was, for 25 miles of vitrified tile sewers, 
about 2.5 gallons per second. For the main brick sewer, 4,000 feet in 
length, the infiltration was 5 gallons per second. The total infiltration 
from the whole system amounted at these rates to 050,000 gallons per 
day. The fiush-tank fiow was taken at 30,000 gallons per day, and 
after the house connections were made the house-sewage flow from the 
contributing population of about 15,000 was ta,ken at 020,000 per day; 
tence the infiltration was 50 per cent of the total quantity.^ The 
remedy for a leakage into the sewers of this character may be found 
in improved methods of laying the sewers themselves. In any case it 
may be pointed out that an addition to the sewage flow proi>er of 50 
per cent in the way of ground water is an unnecessary addition to the 
expense of sewage purification, should any be required. 

We will assume, as regards the present argument, that the sewers 
of a separat'C system may, with careful workmanship, be made practi- 
cally impervious, and that the sewage flow will therefore be about 
represented by the amount of the public water supply. We will fur- 
ther assume that there is no good reason wliy, in a properly managed 
municipality, theni should l)e used more than from (JO to 80 gallons of 
water per capita per day. At this rat e tlie sewage flow of a population 
of 10,000 would amount to from r)(K),()()0 to 80<),000 gallons per day. 
In combined systems where the sewers receive the rainfall as well as 
the sewage proper it will bo necessary to in'ovide, in any purification 
project, for taking care of and properly purifying a considerable 
portion of the storm water at each rainfall. 

* Special Beport upon the Sewerage of the Mystic and Charles River Valleys, as made to the 
State Board of Health of Massachusetts. 

*8ee Inland sewage disposal, with special reference to the Blast Orange (New Jersey ) works, 
bj Carroll Phillips Basaett, M. Am. Soc. C. E.: Trans. Am. Soc. Civil Eng., Vol XXV, p. i:26i . 

IBB 3 2 
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STREAM POLLUTION. 

It is a well-established i)rinciple of law that every riparian proprie- 
tor is entitled to have a stream of water flow by his realty as it is 
wont to flow by nature. From this principle we have derived the old 
and well-settled doctrine that to pollute a public stream is to main- 
tain a common nuisance. The necessities and conditions of modern 
society have, however, tended to some modification of this principle 
as thus strictly announced, so that at the present time there are ce^ 
tain reasonable pollutions of streams, or, rather, there are certain spe- 
cific cases in which a stream may be polluted to some extent withont 
abrogating the essential force of the fundamental proposition. At 
the same time it must be remembered that the broad proposition that 
streams ought not to be polluted is on the whole sound.* Admitting 
such premise, we are forced to the conclusion that some form of sew- 
age purification is necessary wherever an aggregation of human beings 
in thickly settled communities leads to the production of any con- 
siderable amount of sewage. 

If, however, towns or manufacturing establishments are situated on 
tide water, there is no reason why the sewage may not be disposed of 
by discharging it into the ocean, provided such a discharge can be 
made without creating a nuisance along inhabited beaches, and also 
provided it is clear that such discharge is, on the whole, financially 
to the advantage of the community furnishing the sewage. But if on 
examining all the attendant circumstances it appears that the sewage 
can be profitably utilized in a^rieiiltiirc, then there is no reason why 
such utilization may not be made, even in the ease of towns situated on 
tide water. We need, therefore, as a necessary i)art of our sul)ject, to 
discuss the general question of j)iirilieation of streams. This ques- 
tion has been the subject of a large amount of discussion in England, 
where interest in it may be considered as dating from the first report 
of the Health of Towns Commission, made in 1844.^ 



* The legal aspects of stream pollution as thw matter stands to-day are discussed in Sew»g« 
Disposal in the United States, Chapter VI. The attention of the reader is specially directed 
to the views of the Massachusetts Drainajre Commission as thero piven. The report of that 
commission may also Ih» referri'd to. though, as it has long been out of print, it is now diffictdt to 
obtain. 

^This commis.sion ma<.le two reiwrts: The first, in 1844, published in two CK'tavo volum<^: 
the second, in lb4o, also in two octavo volumes. These two reports may be taken as the begio 
ning of sanitary science in England and in the civilized world generally. Previous to and at 
that time the condition of the English towns, especially in the manufacturing: districts, as s?howii 
by the information contained in these two reports, was such that the jiresent generation can 
only with difficulty realize it. Thes'» rei)orts should l)t> studied by any person wi.shing to com- 
pa.ss the whole subject of sfwage utilization, by way of showing the magnitude of the evil which 
has been comUited and greatly mitigated sinct? I.s4i. 

Among the subjects which this commission was especially charged with investigating werv 
the causes of disease among the inhabitants as well as the best means of promoting and securiDjt 
the jmblic health. The commission i^ointed out a large numln'r f)f cases where stream poUuti'^n 
was undoubtedly the cau.se of insanitary conditions, and the notable sanitary reforms which 
have placed Eugliind as regards sanitary imj)rov«'meuts easily in the front rank of nations have 
all been i>erfected sin<'e that date. During the .Kanie period the literature of sanitation has Iw^n 
ejariched by a numb^.'r of valuable reports in which every possible phase of stream pollution has 
been disciissod. 
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Without referring here to all of the various commissions in detail, 
we may cite the Royal Sanitary Commission of 1860, and the Rivers 
Pollution Commission. The former recommended that any stream 
from which drinking water is taken should be effectually protected 
from sewage pollution. The principle laid down at that time has been 
gradually extended until we now formulate it by the statement that 
streams which are even likely to be a source of water supply ought 
BOt to receive sewage pollution, or, if they do, only under such regu- 
lations as will admit of immediate discontinuance of the pollution 
whenever the water is required for domestic purposes. 

The Rivers Pollution Commission^ in their report point out not 
only the evils of pollution by sewage proper, but also those pro- 
duced by pollution from manufacturing refuse. As regards this 
second class of pollutions, from manufacturing refuse, the following 
classification can be made: Pollution by dye, print, and bleach works; 
chemical works; tanneries; paper making; woolen works; silk works. 

The rei)orts of the Royal Commission on Metropolitan Sewage Dis- 
charge and of the Royal Commission on Metropolitan Water Supply 
also contain much information relating to stream pollution. 

In this country stream pollution has been generally discussed by 
the State boards of health of Massachusetts, Connecticut, Illinois, and 
some of the other States. In Massachusetts the State Board of Health 
made the following recommendations many years ago:^ 

(1) That no city or town shall be allowed to discharge sewage into any water 
coorae or pond without first purifying it according to the best process at present 
known, which is irrigation ; provided, that this regulation does not apply to a dis- 
charge from sewers already built, unless water supplies be thereby polluted ; and 



'BlTera PoUution Commission (first commission). This commission made three reports. The 
flrat report deals generally with the b^t methods of preventing the pollution of rivers, with 
qiedal reference to the conditions prevailing at that time on the River Thames. The second 
report deals with the Biver Lea. The third report deals with the rivers Ayr and Calder. Five 
rohmies in all, i"*, London, 1866-07. 

Birers Pollntion Commission (second commission). Report of the commissioneis appointed 
In 180B to inquire into the best means of preventing the pollution of rivers. This commission 
made six reports in all. The first report (2 volumes) treats of the pollution of the basin of the 
rlTers Mersey and Ribble and of the best means of preventing pollution therein. The second 
report is taken up with a description of the ABC process of treating sewage. The third 
report (2 volumes) discusses the pollution arising from the woolen manufacture and procMses 
xmnected therewith. Whoever would understand this division cf stream pollution in all its 
phsscn diould study this reimrt. The fourth report treats of the pollution of the rivers of Scot- 
and, and gives special consideration, among other subjects, to the ]K>llution arising from paper- 
aiU wastes, etc. The fifth report (2 volumes) treats of the pollution arising from mining 
iperstion8 and metal manufactures. The sixth report treats of the general subject of 
lomestic water supply of Great Britain. A large amount of information about water supplies 
!roiii cultivated and uncultivated areas and the contamination of water from manured and 
iimuiimred, cropiied and uncropped land, is given, the whole forming a vast body of sanitary 
^formation pertinent to present conditions. Ten volumes, 4"^, London, 1870-71-72-74. 

sSerenth Anmial Beport, 1876, p. 12. To illustrate the pollution to which a single stream is 
mhject, reference should be made to the Eighth Annuid Beport of the Massachusetts State 
3oard of Health. In this it is stated that on the Nashua Biver are 92 mills, employing 5,543 per- 
nna. This stream drains an area of 437 square miles, with an average population of 106.5 to 
hB Bqnare mile. 

Hie reports of the Philadelphia water department, from the eighty-third to the eighty-sixth, 
ndnsive, may be referred to for information in regard to stream pollution. 
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provided also, that any intended discharge of sewage can be shown to be at (nich 
point that no nuisance will arise from it. 

(2) That no sewage of any kind, whether purified or not, be allowed to enter 
any pond or stream used for domestic purposes. 

(8) That each water design should be regarded by itself in the preparatiou of 
plans for sewerage and water supplies. 

(4) That accurate topographical surveys always be made of all towns before 
introducing water supplies or sewers. 

(5) That steps should be taken by special legislation, based upon investigatioDs 
and recommendations of experts, to meet cases of serious annoyance arising from 
defective arrangements for the disposal of sewage. 

In the Tenth Annual Report of the Connecticut State Board of Health 
(1888), Prof. S. W. Williston, of Yale University, has given an excel- 
lent account of the wastes from manufacturing processes, which may 
be referred to as perhaps the most useful recent contribution to the 
literature of river pollution. At any rate, it easily ranks first among 
recent American contributions to that literature. Professor Williston 
takes up in his rei)ort the waste due to various manufacturing proc- 
esses, such as brass working, iron working, paper making, woolen, 
cotton, and silk mills, and so on, and gives under each head the chief 
sources of pollution. 

As to brass works, it is stated that they are productive of little sani- 
tary injury to a stream, although the discharge of their chief waste, 
sulphate of copper, is the most poisonous to fish of any of the manu- 
facturing wastes. Brass works, therefore, usually cause the fish to 
leave any stream which receives a consideralile quantity of refuse from 
the works. Aside from sulphate of copper, the other waste products 
of ])rHss works are acids and oils. In many of the brass manufaoiur- 
iiig establishments, especially those using the elect ro-metalluririe^il 
I)rocess, ccmsiderable ([uautities of cyanide of potash and ammonia are 
used, (roods requiring electroplating are first treated with an alkali 
to remove any greasy matters adhering to the metal, and are then sub- 
jected to a dilute acid bath in order to remove the oxides from th(^ sur- 
face. They are then placed in a cyanide of i)otash soluticm, which acts 
as the carrier in tlu^ deposition of the metal u[)on the snrfac(» plate<]. 

C/yanide of potash is a virulent poison, an<l Profc^ssor Williston 
states that a sufficient quantity is annually enq^loyed in the Xaiiga- 
tuck Vallev, in Connecticut, to destrov all the inlmbitants of the 
ITnited States. Most of it, however, is neutralize<l by the other chem- 
icals used, so that it is doubtful whether its contaminating influence 
is very great. 

In the manufacture of iron the only waste of impoi'tance is that from 
the pickling baths used for giving a nonoxidized surface to eitlierwire 
or Hat sheets which are to be galvanized. Such iron is <lippe<l in a 
solution of dilute sulphuric acid and then washed in water, after whk'Ii 
it is again dipped in a vat containing a heated solution of lime, to iK^n- 
tralize an3' small amount of acid not removed by the washing in watc- 
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Tie chief waste from this process is sulphate of iron, which at many 
'orks is allowed to pass directly into streams, although not all of it is 
tius allowed to go to waste, as a number of the large rolling mills of 
tie country have appliances for saving the sulphate of iron ; as, for 
istance, the Cleveland Rolling Mill, at Cleveland, Ohio; the Ferric 
■hemical and Color Works, at Worcester, Massachusetts; and the 
Vashbum <fe Moen Wire Works, also at Worcester. A large propor- 
Lonof the crude sulphate of iron of commerce consumed in the United 
tates is produced at these several works. 

The waste products from paper manufacturing are both organic and 
norganic in character. In mills using jute, gunny sacking and old 
ope, and other similar substances as the raw material, the organic 
rastes of the wash water may become a very serious source of pollution 
f discharged into small streams or if a considerable number of mills 
ill discharge their wastes into a stream of considerable size. C'austic 
«da and lime are used for cleansing rags in places where rags are the 
•aw material of paper manufacture. These wastes are usually allowed 
;o pass into the stream. In mills using sulphite and wood pulps the 
wastes from the wash waters generally contain a considerable amount 
>f objectionable substances, the bleaching process also requiring a 
considerable amount of chloride of lime, which, in this country at any 
rate, usually passes into the streams without treatment. The bleach- 
ing wastes are especially injurious to fish. 

In a woolen manufactory the most serious wastes are those derived 
from the washing of the wool ; constituting, as it does, chiefly organic 
noaterial, it may be considered one of the most objectionable organic 
bastes. The raw wool of the ordinary grades, as it comes to the 
manufactory, contains a third or more by weight of organic matter; 
this is ordinary washed wool, l^nwashed fine wools may contain as 
Diuch as 50 to 00 per cent of organic matter, which is removed chiefly 
by scouring in alkaline solutions of soda, although in some mills 
Qrine is used in this process, as it is believed to give a softer finish to 
the manufactured article than can be obtained by the use of ordinary 
alkalies. 

The woolen mills also furnish a large amount of dye waste, such as 
'^tracts of logwood, fustic, camwood, madder, etc., which are used 
'i different methods of dyeing with various mordants, such as cop- 
^ras, crude cream of tarta,r, bichromate of potash, alum, blue \'itriol, 
Ud muriate of tin. After treatment in the dyeing vat, the wool is 
''ashed in running water and, usually, the contents of the vat are 
Umed into the nearest stream. It is waste material of this sort that 
auses the chief complaints as to discoloration of streams by dye 
•'astes. A certain amount of oil is also used in woolen manufacture, 
Ud more or less waste therefrom i^asses into the stream. 

In manufacturing cotton goods the wastes are both organic and 
tUneral, the former being the more senous. In the manufacture of 
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ginghanui the following chomicahi are oommonly need: Salphnb 
acid, nitric aeid» mnriatio acid, chloride <yf lime, sal eoda^ 8edaaik» 
biehromato of potaah, alnm, copperas, blue Titriol, lime, pesiisri|»' 
stannate of soda, sngar of lead, indigo, catch, sumac, alkali, 0od% aai 
the rarions aniline colors and dyes. Of tiie mineral matters, the moil 
important are lime, chloride ef lime, and bichromatecf potarii; of Iks 
organic dyestofliB, logwood. The waste from these varions snbsteneeB 
is nsoally allowed to pass without treatment into tiie streams. 

In silk manufactures the raw silk as received is covered with i 
gummy substance which it is necessary to remove in order that tte 
silk may possess tiie proper degree of pliablenees. This silk gn, 
which is called seridne, constitutes frmn SO to 25 pw cent of raw sift 
and is mostly soluble in water. It is removed either Iqrmaeetalionsr 
by scouring in a weak solution of soda. The refuse tram these proc- 
esses is usually turned into streams. The further proceesea of Mk 
manufacture, as related to sfaeam pollution, are those of dyeings wUih^ 
are <mly of secondary importance. It is stated that there is less wsito 
of dyestuff from silk mills than from mills manufacturing other kindi 
of fabrics. 

In considering the effect of stream pollution we should bear in miii 
that aU streams have some self-purif^^ing power. Nature has pie* 
vided in soils a natural agent for the innocuous resolution of wgMie 
matter into its simple constituent elements. The agent of nitriAeik 
tion exists in soils in vast quantities, and we may draw the conclustoii 
that every rain washes these purifying agents into streams, where 
their work of destrojdng organic matter is continually going on, 
although not with the same degree of rapidity as in soils. One indis- 
pensable condition of the efficient action of the nitrifying agent is the 
presence of an adequate supply of oxygen. All natural waters con- 
tain more or less oxygen in solution, but unfortunately the stock is 
not large enough to admit of rapid action of the nitrifying agent 
Hence it follows that, while it is true that the process of nitrification 
goes on in natural waters as in soils, it is also equally true that it 
proceeds much less rapidly there than in soils, with the result that » 
natural water is more easily overburdened with work of this character 
than a natural soil. This fact leads to the conclusion that soil is 
really the natural element in which to resolve objectionable organic 
matter into its simple, elementary forms, rather than water. Natu- 
ral waters should be called upon to perform this duty only when no 
other means are available, it being remembered always that it is easy 
to overburden the purifying power of water in this direction. 

It is still true that a stream may exert considerable self -purifying 
power, provided it is given time enough. This view is enforced by 
considering that in addition to the presence in our natural waters 
of the agent of nitrification there are also present certain classes of 
minute.life which feed upon extraneous organic matter and which 
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without doubt resolve a considerable portion of it through the opera- 
tions of the life process. The Entomostraca, Rotifera, and Infusoria 
are the principal agents assisting in such reduction. Of these the 
Entomostraca are probably the most important. This branch of our 
Bubject leads to biological studies of great interest and importance, 
bnt which for lack of space can not be more than referred to in this 
place. ^ 

VALUE OF SEWAGE. 

From an agricultural point of view the nitrogen, phosphoric acid, 
and potash are the most useful ingredients of sewage, and accordingly 
it becomes of interest to establish the quantity of these three elements 
which may be found in ordinary sewage. Taking that of about aver- 
age composition,^ a net ton may be expected to contain nitrogen to 
"flie amount of from 0.15 to 0.25 pounds; phosphoric acid, from 0.045 
toO.065 pounds; and potash, from 0.025 to 0.040 pounds. With nitro- 
gen at 17 cents per pound, phosphoric acid at 7 cents, and potash at 
li cents, the theoretical value of the fertilizing ingredients of such a 
sewage would be, per net ton, from about 3.5 cents to 4.5 or 5 cents. 
Taking into account, however, the various losses of the nitrogen, 
'wMch is not only the most valuable but also the least stable element, 
as well as the expense of distribution, we may conclude that the 
manurial constituents of sewage have an actual value, when applied 
to good advantage in agricultural utilization, of from 1 to 2 cents or 
perhaps 3 cents per ton. We should note that this is the manurial 
Talue only. 

Independent of the manure, the water of sewage has also a distinct 
Talne for irrigation. But by reason of the variation in local condi- 
tions, it is impossible to make any general statement of value which 
will apply to all cases, although in a general way we may say, taking 
into account the manurial constituents as well as the irrigation value 
of the water, that sewage, when applied to land at the best advantage, 
may be considered, with the present understanding of things, as 
Worth from 2 to 4 cents per net ton. In some cases, by reason of its 
Value for irrigation, it may be worth several times these figures. 

We learn, then, that the irrigation value of sewage may be quit^ as 
important as the distinctively manurial value, and it is believed that 
the recognition of this factor has placed sewage utilization on a some- 
what different plane from that formerly occupied. In order to illus- 
trate this point let us consider the matter briefly from an historical 
Point of view. 

When sewage disposal as a necessary concomitant of the sewerage 

> Far an extended presentation of this phase of the subject see discussion, by the author, of Dr. 
^^barles O. Carrier's paper on Self -purification of flowing water and the influence of polluted 
^mln in the causation of disease: Trans. Am. Soc. Civil Eng., Vol. XXIV ^ p. 70. 

' See extended tabulations from Wolff and Lehmann in the first report of the Blvers Pollution 
^ommiBsion, p. 27. Also see Storer's Agriculture, Vol. II, p. 70. 
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of oitieB flnt grew up in Bngland veiy extravagant views urereenlehl 
tained as to the oommeroial benefits to be derived from sewage nut I 
isation. Many hundred patents were taken ont, mostly, however, «] 
chemical prooesses, and large investments of capital were made^ wUdll 
have generally proved failures. Following these failnres there ivu tl 
reaction, during the prevalence of which it was held that sewage eooU] 
not be utilized at a profit. When we examine the whole matterpno^l 
tically we find that the failure, in a commercial way , largely pertsmel I 
to the chemical jyrooesses, although it should not be overlooked UHt] 
many of the early sewage fiums, by reason of iKX>r managem«sl| I 
unnecessarily expensive first cost, and oilier causes, have never beau 
financially suocessfuL We shall also see, farther on, that the bm\ 
method of managing such farms has only recently been underBtood, 
which may be given as another reason why many of the early turn] 
have not been financially successful. The net result of all this Ini 
been that many experienced engineers, sanitarians, and agrieuItmMl! 
have held that it was impossible to utiliae sewage at a profit. 

There is, however, another phase of the question. The main objaek i 
of sewage purification is to keep streams pure and to lyreserve tU ! 
health of the citizens of our cities and of the surrounding coiutij. | 
It has therefore been held, and very properly, that the real objeol tf ' 
sewage treatment is purification and not utilization, and that utlli» i 
tion, by introducing oommeroial considerations, will inevitably tcsl 
to lower the degree of purification. It has been held, in short, tktf 
sewage purification is a right which one community or individul 
owes to another, independent of any question of commercial profit 
And while this proposition is undoubtedly true, it is believed that, 
with proper understanding of all the elements of the problem, a satis- 
factory utilization may be also attained without lowering the standard 
of purification. 

On this point the author's views have undergone some modification 
since he examined in detail a number of European sewage farms in 
the fall of 1894. Previous to that time he was disposed to believe 
that sewage disposal should be placed entirely on the broad plane of 
purification rather than on that of utilization. At the present time 
he believes, as the result of seeing what is being done on the best 
sewage farms of England, Germany, and France, that the agricultural 
value of sewage may be fairly utilized, and still a high degree of puri- 
fication attained. 

Since the first development of sewage utilization in England the 
trade in commercial fertilizers has also greatly extended, and many 
writers have taken the ground that at the prevailing prices of com- 
mercial fertilizers agricultural lands can be manured more cheaply 
by their use than by the use of raw sewage.* In regions where t-he 
distribution of the rainfall is such as to fairly meet the necessities of 



'See Agriculture in some of its Belatioiui ^Vth CYieTx^tt^^ b^ F. H. Storer, VoL U, on tbb 
point 
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e this is probably true, but it is believed, with the present 
), that in any region where the distribution of the rainfall 
lat periods of drought are likely to occur at the critical 
growing crops, provided sewage can be delivered upon agri- 
mds by gravity, or even by a moderate pumping lift, a com- 
kving will be effected, due to the irrigation value of the 
rer any gain that can possibly be obtained by the use of 
il fertilizers alone. If pumping is required, its cost may, 
enter in as a modifying element. At any rate the author 
place this thought before the scientific farmers of the 
ates as one well worthy of their most careful consideration. 
9 further to say that from the experience gained in other 
as well as our own, he believes that frequently lands in the 
) vicinity of our cities and towns can be improved in pro- 
3S more by the general application of sewage irrigation than 
ler method at present open to our farmers. 
Id be remembereil, however, that the quality of soils will 
the final solution of the problem. Those best suited for 
rigation are open, porous, gravelly soils, while heavy clay 
demand so great an expense of preparation as to render 
ilization, except in special cases, practically impossible. As 
nted, each location presents its own special problem, which, 
Ktent, will demand its own special solution independent of 
cases. It can not be too strongly insisted, therefore, that 
must be studied by itself on its own merits; hence the 
statements are to be taken as general statements rather 
ersally true propositions. 

METHODS OF SEWAGE DISPOSAL. 

*e8ult of a large amount of experience gained abroad, sew- 
sal or purification has resolved itself into three general 
which are known as (1) chemical precipitation, (2) intermit- 
bion, and (3) broad irrigation; In the present paper we are 
illy concerned with chemical treatment, except as at times 
t of irrigation ; nor are we concerned with intermittent fil- 
:cept so far as it may be considered an adjunct of irrigation, 
etion of the subject, however, we may briefly describe the 
treatment known as chemical precipitation.* 

CHEMICAL PRECIPITATION. 

process the sewage is allowed to flow into large tanks, in 
i dosed with certain chemicals; these form with the organic 
its an insoluble precipitate, which in its descent to the bot- 
) tank may, under favorable circumstances, carry down with 

plete descriptions may be found in the several standard treatises recently issued, 
e, Crimp's Sewage Disposal, Wardle^s Sewage Treatment and I>isi>06al, and Rafter 
ewage DisiKMal in the United States. 
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it the suspended matter of the sewage as well as a portion of the 
dissolved. To apply this treatment on a largo scale, extenflive works 
with a large number of tanks, together with inachlDes for grinding 
and mixing the chemicals, as well as special mechanical arrangemeDts 
for mixing the chemicals and sewage and caring for the sludge, are 
required, the whole including what is commonly called the chemical 
treatment of sewage, although the complete process is in reality partly 
chemical and partly mechanical. 

The reagents now generally used are common lime, sulphat* of 
alumina, and ferrous sulphite. These reagents are used either singly 
or in combination, as may be required to fit the case of each particu- 
lar sewage undergoing treatment. The action of the reagents in pro- 
ducing a precipitation of the organic matt«r is not fully understood, 
although in a general way we may say that when lime is used there 




is a combination of some of the linit' with free carbonic acid gasio 
form an iiistiluble carbonate of lime; also, probably, an additional 
part of the lime combines with a certain purtion of the organic ni;i^ 
Tors iu solution to form an insoluble precipitate, which in its jouroey 
to the bottom carries down with it any jMirlion of the suspended mat- 
tere which have not enten.'d into combination, Tlie matter settling 
to llu' bottom is called slndgo. 

When sulphate of alumina is used, the precipitating f ffect is cun- 
sideri'd as due to a combination of the snlpluiric aeid of the sulphjite 
of alumina with lime and other mineral basi's existing naturally in 
the sewiigc. A flocculent alumina liy<irate is also f<irinod, whichiu 
oonjunetion wiih the mineral prccipilatt* furtlier enlan,"Ies and <-;im« 
down any siisiK-ndcd organic mailer. At llio present time, as a pen- 
cnil sfittemeut, we may sj»y that iv emn\>\\v.v\\vm treatment of lime and 
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sulphate of alumina is preferable for ordinary sewage to the use of 
sither of them alone, although the composition of the sewage should 
be taken into account in deciding. 

In the case of ferrous sulphate, in order to secure a precipitating 
letion it is necessary either that the sewage bo naturally alkaline or, 
if not naturally so, that an alkali be artificially added. The result of 
Alls treatment is the formation of a flocculent hydrated oxide which 
sarries down with it the suspended organic matter as well as a portion 
if the dissolved. 

In order to insure the best results in chemical treatment the sewage 
ihonld be treated while fresh and the chemicals added to the flowing 
lewage, in order that they may become fairly incori)orated before it 
[lasses into the settling tanks. There should also be enough tank 
ipaoe to insure a thorough precipitation. Inasmuch as the sludge 
Bust be frequently removed from the bottom of the tanks, the mechan- 
(BSl arrangements should be such as to permit of its removal without 
kltermption of the works. 

-Methods of chemical treatment may he classified as (1) intermittent 
lent in shallow tanks from 5 to 8 feet deep, in which, after the 
m and incorporation of the chemicals, the sewage is allowed to 
undisturbed until the completion of the process, when the 
liquid is drawn off the top, leaving the sludge at the bottom ; 
itinaous treatment in a similar series of tanks through which, 
the addition and incorporation of the reagents, the sewage is 
to flow slowly, crude sewage with freshly added chemicals 
in at one end and purified effluent passing out at the other; 
|,(S) rertical tanks through which, after the addition of the chem- 
flie sewage rises slowly. At the present time the continuous 
it, in which crude sewage with freshly added chemicals passes 
none end and purified effluent passes out at the other continuously, 
Idered, as the result of experience, to be the preferable method 
if applying the chemical treatment. 

As to the tank capacity required, we may say that in systems which 
ire arranged with reference to receiving a portion of the rainfall the 
daily capacity should be nearly 50 per cent of the average daily flow, 
an allowance of this kind giving some leeway for contingencies when 
required. With the sewage from separate systems of sewers less 
leeway will be required. 

Various methods of disposing of sludge have been used. One is to 
pump it into basins, from which it is subsequently conveyed to adja- 
cent areas for utilization as fertilizer. It is also frequently deposited 
in large oi)en basins surrounded by embankments, from which, after 
the larger portion of the water has drained away, it is removed either 
tor use as a fertilizer or to some other point for fllling in low land, etc. 
The liquid sludge is also sometimes run directly onto agricultural 
ireas, where it is easily disposed of by plowing in. It may also be 
mixed with combusfcibJes and disposed of by \>WTTvui^. \Ti ^ovsifc ^i»»«e* 
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it has been used to form compost heaps by mixing with earth, rub- 
bish, vegetable mold, gypsum, stable manure, leaves, or other suitable 
materials. When disposal works are situated near tide water, the 
sludge may be disposed of by running it into dumping scows, which 
convey it to deep water for dumping. It may also be burned in a 
furnace similar to the garbage destructor, but for this purpose it 
requires partial desiccation before treatment. On the whole, the most 
practicable way of treatment is to compress it into solid cakes by the 
use of a filter press. In this form it is entirely innocuous, and may 
be stored, handled, or conveniently transported for use, either as a 
fertilizer or for filling in low lands or for other purposes. The liquid 
sludge, as it ordinarily comes from the settling tanks, contains from 
90 to 95 per cent water and from 5 to 10 per cent solid matter. 

The mixing of the chemicals with the sewage is effected either by 
the use of baffle boards in the conduit leading to the tanks, or, where 
this is impracticable, by the use of mixing wheels. As the problem 
is merely one of thorough mixing, it is unnecessary to discuss it at 
length. Usually very simple mechanical appliances are sufficient 

At the present time lime containing from 65 to 75 per cent available 
calcic oxide can be purchased in the east-ern part of the United States 
at from $8 to $9 per net ton; ferrous sulphate or copperas containing 
26 per cent of ferrous oxide can be bought at about $15 per net ton, 
and sulphate of alumina, containing 14 per cent of alumina, at about 
$25 per net ton. The exact price of these reagents of course varies 
in different localities as well as with the quality of the reagent itself. 

In 1880 Mr. Allen Ilazen, at that time chemist in charge at the Law- 
rence experiment station of the Massachusetts State Board of Health, 
carried out a very elaborate series of experiments on the chemical 
treatment of sewage. The details of these experiments may be found 
in the twenty-first annual report of that board, to which, inasmuch 
as we are not concerned other than generally witli chemical treatment 
of sewage, the reader is referred for a inore extended account. We 
may, however, refer to the following statement of costs per cai)ita in 
comparison with degree of purification obtained, as given by Mr. 
llazen. 

Taking the percentage of albuminoid ammonia removea to repi"e- 
sent organic matter, the experiments on chemical preeipitation show 
that in addition to all suspended matter the following amounts of 
soluble organic matter may be removed: 

Per cent 

With lime, costing 'SO cents per inhabitant annually '^ 

With copperas and lime, costing 30 cents annually . '29 

With aluminium sulphate, costing SO cents annually. _ 2"^ 

With aluminium sulphate, costing 40 cents annually . . ^ 

With lime, costing 27 cents annually 30 

With copi)eras and lime, costing 20 cents annually 1*^ 

With copperas and lime, costing ."^l cents annually 39 

With aluminium sulphate, costing "i'i oeivt^ aivTv\]L»\\Y ^^ 

With aluminium sulphate costing 45 ceut^ axoivxa^^.^' ^' 
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By way of disposing in this place of the question of relative degree 
►f purification attained by the different proee8S(*H, it may be remarked 
hat there is now a vast body of information — not only special exper- 
mentation like that at Lawrence, but results obtained in actual prac- 
ioe— all showing that land-treatment methods, when i)roperly oper- 
ated, easily remove all the suspended organic matter of sewage as 
rell as from 95 to 99.5 per cent of the dissolved matter. As a problem 
if efficient purification, therefore, the superior efficacy of the land 
reatments may be conceded without further discussion. 

INTERMITTENT FILTRATION. 

In 1868 a commissicm, consisting of Sir William Thomas Denison, 
£dward Frankland, and John Chalmers Morton, was appointed to 
nqulre how far the use of rivers or running wat/crs in England for car- 
Ting oflf the sewage of towns and the refuse of manufacturing proc- 
MDOB could be prevented without risk to the public health or injury 
o such processes in manufactures, and also how far such sewage 
uid refuse could be utilized and got rid of otherwise than by dis- 
diarge into rivers or running waters, or rendered harmless before 
■reaching them. The commission was further charged with an inquiry 
jito the effect on the drainage of lands and inhabited places of 
rtiBtraction to the natural flow of rivers or streams as caused by mills, 
iveirs, locks, and other hydraulic works, and into the best means of 
remedying any evils thence arising. The commission so appointed 
is commonly known as the Rivers Pollution Commission, although it 
ivas in reality the second of this name.* Dr. Edward Frankland, the 
ahemist member of this commission, was at that time by far the ablest 
fihemist in England, and the vast amount of original chemical inves- 
tigation given in the commission's six reports is a monument to his 
genius for sanitary chemistry and to his capacity for work. 

In the first report, issued in 1870, the commissionei*s discuss various 
experiments on filtration which had been carried out under the direc- 
laon of Dr. Frankland. Among others, the slatement is made that 
the practice of filtration of sewage through sand, gravel, clay, or cer- 
tein kinds of soil, if properly carried out, is the most effective method 
•or the purification of sewage to which reference had at that time 
%een made. A series of experiments on soil of various character is 
•IfiO discussed in detail, from which it is (H)iiclude(l that the process 
€if purification through soil is essentially one of oxidation, the organic 
snatter being to a large extent converted into carbonic acid, water, 
^Uid nitric acid. 

As one of the necessary conditions of intermittent filtration, it is 
•Iso shown that a continuous aeration of the filtering medium must 
^ secured. In discussing this phase of the subject the commission- 
ers point out that the inability to continually iierate the filtering 

' See footnote on page 19. 
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medium is a chief reason why purification of sewage by upward filtra- 
tion will necessarily be less effective than by the opposite or downward v 
filtration; hence the name "intermittent downward filtration," 
originally attached to this process. The theory' is discussed in too 
much detail in the report in question to admit of more than casual 
mention here. As the result of the commission's work on this line,ik 
was concluded that a new method of sewage purification had Ymn 
brought out. On this point the commissioners remark in their sunt* 
mary that towns and manufacturers have the means of rendering tin 
organic impurities dissolved in their waste waters so far harmless Iqr 
slowly passing them through well-aerated filter beds as to admit of 
their being again useful for manufacturing purposes. 

The experiments carried out in the commission's laboratory shoved 
that a properly conducted system of intermittent filtration would 
cleanse town sewage sufficiently to enable it to be used for all but 
domestic purx)oses. The result of the treatment is a true oxidatkNii 
and consequently an entire transformation of nearly the whole oftta^ 
organic matter in the sewage. From the remedial point of viewtte 
new treatment was therefore considered successful. But the 
sion remarks that, since sewage possesses high agricoltiizal 
this method of treatment, if universally adopted, would be verf, 
f ul, and is therefore only to be recommended on a small scale 
circumstances render any other process, such as sewage i 
difficult or expensive. The commission, however, believed 
operation of sewage purification by intermittent filtration 
conducted without serious nuisance. 

While the commission tluis announces a new and valuable diflBi^ 
cry in sewage i)urifi(»ation, still it expresses in the final summaiytti 
opinion that in all i)ractieal)le oases T)road irrigation should be nsedk 
preference to intermittent filtration, because, when irrigation is Oilt" 
fully and i)i*operly conducted, not only is sewage rendered inoffensivB^ 
but some return of profit may be derived from its employment. In 
the commissioners' opinion all the experiments made to that date went 
to show that sewage can be most beneficially employed as a manure, 
and that it is thus also most perfectly cleansed. 

The Rivers Polluticm Commission, while originating intermittent 
downward filtration and strongly recommending its use under proi)er 
conditions, still, rallier singularly, did not i)ropose a comj)lete defi- 
nition of it as a process of sewage purification. In 188i^ a commission^ 
was issued to George AVilliam AVilshere, the Baron Bramwell, Sir John 
('oodc,and others to inquire and report upon llie system under which 
sewage is discharged into the River Thames by the ^Metropolitan Board 
of Works, and whether any evil elt'eets I'esulted therefrom; and if so. 




iMotr»»j>olitaii Sewuge Dischargo, Report of Royal ComniissioutTH. 4 v<»lumos of reports, min- 
utes of evideiioc, api)eiidi<-es, eti'., 4^, London. 1>*S4-.h."). I^resents every i)lia»e of the questioned 
difjKtsa] of sewage of I^ondon as it existed twelve years ago. 
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"vhat measures could be applied for remedying t!ie same. This com- 
miBsion is known as the Royal Coiumissiou ou Mett'Oi>olitan Sewage 
IMscharge. In its second report we And a definition of the difference 
between broad irrigation and intenuitteut filtration, in the followin<r 
Icrms : Broad irrigation means the distribution of sewage over a large 
Borface of ordinary agricultural ground, having in view the maximum 
powtii of vegetation (consistent with due purification) for the kind 
tt sewage supplied. Filtration means the concentration of sewage 
■t short intervals ou an area of specially cliosen porous ground as 
■nail as will absorb and cleanse it, not excluding vegetation, but mak- 
ing the produce of secondarj- importance. The intermittency of appli- 
Bation is a sine qua non, even in Huitaldy constituted soils, wherever 
■omplete success is aimed at. 
As to the value of intermittent tiltration, tlie Royal Commission on 
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Metropolitan Sewage Discharge states lliat, in its opinion, the process 
has great scientific merit and affords valuable practical advantages 
for the disposal of sewage in sitiiations where broad irrigation is 
Impracticable and where land suitable fur filtration can be obtained. 
It, however, there should he a difiiculty in obtaining sufiicient area 
vtland, the commission is of the opinion that, before applying it to 
land, sewage should be previously treated by some eflicieut process 
tor removing the sludge. Tlie recent studies of intermittent filtration 
liythe Massachusetts State Board of Ilealtli have greatly advanced 
•Br knowledge of the true theory of intennittent fiUration, although, 
■•we have seen, the broad lines were well established by the Rivers 
'tllntion Commission in its first report, issued in 1870. 
Taking into account the present views, we may defin.e \\\.ltYai.\tt.^iA 
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filtration as a natural process of biologically reducing the nitrogen 
of complex, nitrogenous, organic matter to the simple forms of min- 
eral nitrates and, probably, free nitrogen, the reducing action being 
due to two minute bacilli known as the nitrous and nitric organisms 
or ferments. The immediate result of the work of the nitrous organ- 
ism is to convert ammonia into nitrite, while the nitric organism con- 
verts nitrite or nitrous acid into nitric acid, which, uniting with 
mineral bases, immediately forms mineral nitrates. The organisms 
producing these changes exist naturally in soils, and when specially 
prepared areas are properly treated develop in the interstices in vart 
quantities. 

NrrRIFYINO FERMENTS. 

No more fascinating chapter of science can be found than that 
pertaining to the development of our present knowledge of the real 
office of the nitrifying ferments. For many years the subject has 
been one of prolonged study by a number of the leading chemists and 
biologists of the age. Among these may be mentioned Schwann, 
Schultze, Pasteur, Schloesing, Muntz, Ileraeus, P. F. Frankland, 
Warington, Winogradsky, and the biologists of the Massachusetts 
State Board of Health, working under the direction of Professes 
Sedgwick in that board's laboratory at Boston. Beginning with the 

''T^' '/."f" ''/^- ''T/Ti' 

Fio. 3.— Section of absorption ditches. 

work of Schwann and vSchultze, as early as 1830, and ending with the 
work of Warington, Winogradsky, and the biologists of the Massa- 
chusetts board, we find a progressive advance from a knowiedjje, as 
the first step, that tlie decomposition of nitrogenous matter is due 
solely to the small vegetable organisms known as bacteria, to the 
final demonstration that the production of nitric acid is also due to a 
similar class of organisms. The complete account of the failures and 
successes encountere<l in the successive steps of the study is one of 
the r()nianc(\s of modern bioloijv. 

Without going into details, w(* will refer to two papers by Mr. War- 
iu'iton, one before the English Socic^ty of .Vrts, as published in that 
soei(*ty\s journal of April, 1 SS:?, the otlier as read before the I>rilish 
Association for the Advancement of Science at its annual nieetiuirat 
Montreal in 1S84. In his paper befon* th(^ Society of Arts ^Ir. War- 
ington set forth the theory of sewage puritication by soil so clearly 
that we may draw upon it as perhaps, on the whole, the best coiic!>e 
general statement of the specific problem now under discussion llm? 
far made. The paper begins by stating that dilute solutions of urine, 
which contain the essential const ituents of plant food, undergo no nitri* 
/7catir)n when fully exposed to the air if only tliey have been previoudy 
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loiled and the air supplied to them is filtered through cotton wool. If 
we add a small particle of fresh soil to Ht.erilized solutions of this char- 
acter, no action at first appears, but after a while nitrification begins 
and the ammonia of the urine is converted into nitrate. This action 
proceeds best in the dark, and its full completion requires the presence 
of some mineral base, as, for instance, lime. A solution which has 
undergone nitrification is capable of producing nitrification in another 
sterilized solution which, without the addition of the nitrified sohition, 
would remain unchanged. If we boil the soil or the nitrified solution, 
we destroy the power of causing nitrification. As a final point, Mr. 
Warington states that nitrification is confined to the same range of 
temperature which limits other kinds of fermentation. At or near the 
freezing point the production of nitrates proceeds very slowly, but 
increases in rapidity with a rise of temperature, reaching its maximum 
it 99** F. Above this temperature the rate of nitrification diminishes, 
nearly ceasing at 122° F., and entirely ceasing at 131° F. 

Mr. Warington also states that the purifying action of soil on sew- 
ige is probably due to three distinct causes: (1) Simple filtraticm, or 
he separation of suspended matter; {'2) the precipitation and reduc- 
ion by the soil of ammonia and various organic substances previously 
A solution; (3) the oxidation of ammonia and organic matter by the 
igeney of living organisms. It is considered that the last mode of 
iction is the most important, as without it sewage matter would 
loeumnlate in the soil and the filter area soon loose its efficiency, 
rhe simple filtering i)ower of the soil will depend ui)on its mechanical 
M)ndltion, while the precipitating power is a chemical function, in 
vhich the hydrated ferric oxide and alumina and the silicates of soils 
probably play the principal part. The oxidizing power will depend 
[Mtrtly on its mechanical, partly on it-s chemical, and partly on its 
biological condition. We now know that a porous medium is not 
ibsolutely essential for nitrification and that vsewage may be nitrified 
in a glass bottle or when passing over polished pebbles. Although 
porosity is by no means essential to the nitrifying power of soil, it is 
a condition having a very favorable influence on the rapidity of the 
process, porous soil of open texture presenting an immense surface, 
which will become covered with a thin film of the nitrifying organisms, 
and which, by reason of its porosity, will be well supplied with the air 
requisite for the discbarge of other functions. This fact explains 
why nitrification takes place more rapidly in soil than in liquid. 

In his paper before the British Association in 1884: Mr. Warington 
remarks that further proof of the ferment theory is afforded by the 
fact that antiseptics had been found fatal to nitrific^ition. In the 
presence of a small quantity of chloroform, carbon bisulphide, sali- 
qrlic acid, and, apparently, also phenol nitrification entirely ceases. 
fhe action of heat is also equally confirmatory. Mr. Warington also 
^ers to experiments as carried out at the Rothamsted experimental 
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•tetka, ill idikh smaU qiuatltiMi of fhe Milwwe teken Mdmtti 
noyiiig from S Inohes to 8 fiMfc from tradily c^^ mai^imom^b^diim 
of pttai mmk in day MIL l%o Mil so imiiOTed wm aft com tniifi^^ 
to* aterilind Mlvtioii of dilute urine, which was aflerwartsmMvlMl 
from tinie to time to aaoertein the degi^e of nitriflealloi^ mnomfln 
tmdUB it appeairod that in a eksf mOI the nitrifying otgmlm is mm- 
fined to abont 18 indhes of tiie top Mil, and is most almndaalinlhi 
Unt 6 inches. In a sandy soil, he lemarics, we would eogpeet toisl 
the organism aft a lower lerel than in day, but at thaft^ time ttaa 
was no dizeet evidenoe, although since then the later hivfittigsfinst 
ha^e riiown tiie presence of the nitriijring organisms aft as giesk a 
d^Ch in ponms soils as 4 feet. 

Another paper or series of papers by Mr. Warington wliichmsgrl» 
leifsrred to is his six lectures on the investigations at the Botitaiiliit^ 
Agricultural Station before the Association of American Agricaltml 
CJoUeges and Experiment Stations, at Wadilngton, in Augost, WL 
In thcM lectures Mr. Warington brings tiie whole subject of nitrites- 
tion down to dato, but with such wealth of detail as to preclude im: 
than a simple r^erence to the matter here. The reader in tor ss tri ifci 
this particular pliaM of the subject can liardly do better than to stsd^l 
the lectures in question. 

We hare seen that Mr. Warington pointed out in his p^per of IM; 
that antiMptics are fatal to the life of the nitri^^ing organism, k 
the course of the experiments at Lawrence, Massachusetts, a number 
were made as to the effect upon nitrification of antiseptics, as welln 
other substances, among these being ammonium chloride, alkalies, 
acids, common salt, and sugar. The results indicated that many sub- 
stances which would ordinarily be fatal to the nitrifying power of a 
filter if applied suddenly, can be efficiently treated provided the 
increase in quantity is gradual, thus giving the filter time in wliich to 
adapt itself to the various grades of work. 

B88BNTIAL CONDITIONS. 

We have seen that Mr. Warington pointed out in his paper of 1882 
why porous soils would be much more favorable for intermittent fil- 
tration than those of close texture. We may now examine as to the 
quality of some best suited for such work. 

In the Twentieth Annual Report of the Massachusetts State Board 
of Health we find stated as a fundamental proposition of intermittent 
filtration that sewage can be more efficiently filtered through open 
sand than through sand covered with soil, and that the upper layers 
of intermittent filtration areas should be of coarse sand, into which 
the sewage will disappear rapidly, leaving room for air to enter and 
come in contact with the thin laminae of liquid covering the particles 
of sand. As regards the purification of sewage through the medium of 
nitrification, the chief points established are that the best results are 
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obtained in filters which have been for some time in work, thus becom- 
ing adapted to the special service they are to perform ; that free oxy- 
gen is indisi>ensable for success; that sewage is best purified when 
held in thin films upon or between sand grains and gravel stones; and 
that the period of greatest distribution of the ordinary sewage bacte- 
ria corresponds with the time of most active nitrification. The experi- 
ments also indicate that the nitrifying organism probably attaches 
itself in very thin films over the surface of the sand grains and gravel 
stones of the filter area, and that for complete nitrification the sewage 
should remain in contact with the nitrifying organism a short space of 
time. If while in such contact the conditions are favorable to the com- 
plete admission of oxygen, we may expect the purification to be very 
complete. So important is this consideration that Mr. Allen Hazen, 
in one of his reports, has formulated the indispensable conditions of 
sewage purification as depending upon oxygen and time. All other 
eonditions, Mr. Ilazen says, are secondary. Even temperature is only 
a minor influence. If the organisms for purification have attached 
tbemselves to the sand grains and imperfect purificMion then occurs 
for any considerable period, it is conclusive evidence, Mr. Ilazen says, 
either that there is too small a quantity of oxygen present in the filter 
or that the sewage is passing through so rapidly as not to afford time 
for complete oxidation. In a practical way, therefore, such filters 
most be so operated as to insure a slow enough rate to give the nec- 
essary contact between the sewage and the nitrifying organisms, while 
at the same time insuring the presence of an abundance of free oxy- 
gen in the interstices of the filter. Moreover, we must not overlook 
the necessity for the presence of an alkaline basic salt, and the fact 
that the temperature of the filter area generally must be somewhat 
above freezing, although it is true that such filters will operate below 
freezing for considerable periods of time without entire cessation of 
the nitrifying process. As to the alkaline base, if it does not exist 
naturally in the filtering material used it. may be mlded artificially. 
For this purpose common lime sown broadcast over the area answers 
every requirement. 

The experiments at Lawrence have been (*arried out with reference 
to materials of varying degrees of coarseness. In some of the tanks 
coarse mortar sands have been used, while in otliers sands of medium 
quality, as well as fine sands, have been experimented ui)on. One of 
the most interesting special experiments is us to tlie filtering qualities 
of a very fine sand in situ. 

For the purpose of this experiment a natural area of fine river silt of 
about one-third of an acre was prepared by partial underdraining with 
Irains 60 feet apart., which were designed chiefly to catch samples 
)f the effluent. This area is on the banks of the Merrimjic River, 
lear the experiment station at Lawrence, Massachusetts, with its sur- 
ace several feet above the ordinary, stage of the river.. The few 
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nnderdroins laid were fotmd of little use, because nsnally the liquid 
passes hy them directly down to the plane of the water table. The 8a^ 
face of the location selected slopes at the rate of abont 1 foot in 10 
in one direction and abont 1 in 100 in the other. A series of shaUbw 
trenches which follow the surface of the field are excavated in tlie 
original material. They are mostly made 1 foot wide top and bottom, 
with varying depths from 6 inches to 3 feet, and filled in with a oosne 
mortar sand. They are 5 feet apart, and are generally oonstmcted 
with the surface of the coarse sand 4 inches below the adjacent origi- 
nal surface, except at the lower end, where, in a distance of 50 feet, 
the depth increases to 10 inches below the original surface. Theee 
trenches are each about 200 feet in length. The distance which sew- 
age will flow in them varies with the amount applied and the amount 
of sediment upon the surface, which again yaries with the quality of 
the sewage, the completeness of the nitrification, and the time elapeed 
since the surface was cleaned. As to the cleaning of the surfsce, U 
is found desirable that it be done occasionally, usually at periods of 
from one to three months. The removal of a quarter of an inch in 
depth from the surface of the coarse sand appears to be suffideni 
During the winter the trenches have been covered with boards, with 
the result that the process of purification proceeded readily during the 
entire winter. 

The result of this experiment indicates that in very fine sand of 
the quality here found from 60,000 to 60,000 gallons of sewage per 
day may be efficiently purified with a renewal of the sand in the 
trenches of perhaps 2 to 3 inches annually. Filters composed of 
either coarse mortar, sand or fine gravel, or coarse sand and gravel 
mixed may be expected, however, to filter from 80,000 to 100,000 gal- 
lons per day per acre. 

Experiments with fine soil, with sand covered with soil, and wito 
peat and loam and coarse gravel have all been carried out in great 
detail at Lawrence. The wealth of material relating to these different 
experiments precludes any adequate reference to all of them in this 
place. A few of the more interesting may be briefly referred to. For 
instance, one of the most important result* brought out by the miscel- 
laneous experiments is the fact that by systematically breaking the 
scum which forms on the surface of the filters a very much larger 
quantity of sewage can be purified without deterioration of the efflu- 
ent than is possible when the scum is allowed to remain unbroken for 
long periods of time. 

PERMANENCY OF SAND FILTERS. 

As to the permanency of such filters, it is remarked that the lead- 
ing fact of intermittent filtration is that the organic matters of sewage 
are destroyed instead of being stored in the filter, as is largely the 
case with other methods of purification. The experiments have fur 
tber shown that the conditions allowing thorough purification of the 
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naximam volume with the best results are such that a small percent- 
ige of the more stable organic matters of the sewage resist the reduc- 
ng action of the filter and tend to accumulate in its upper layers, 
rntil after a time the surfacte becomes choked to such an extent that 
he sewage will not sink freely below it, thus violating the fundamen- 
al principle of intermittent filtration. As a remedy it is suggested 
hat temporary relief may be obtained by simply turning the surface 
inder, although evidently an indefinite use of the same material would 
le impracticable if anything like a maximum quantity of sewage were 
reated. Since the organic material thus accumulating is confined 
ntirely to the upper few inches of the filter, it is considered best to 
ccasionally renew the upper layers of sand. 

Experiments were also made as to the nature of the clogging mate- 
ial, with the result of showing that it may be divided into two classes, 
he fats and the sludges proper, the former being in effect the car- 
lonaceous element and the latter the nitrogenous. The result of the 
zperiments is to indicate that the fats themselves do not accumulate 
D the sand in such a way as to choke the filter. The possibility is 
minted out, however, that instead of being completely oxidized and 
lestroyed the fats may be oxidized t<> some stable compound which 
logs the sand. The experiments apparently indicate some action of 
hat sort which thus far has not been well defined. It has been found 
hat clogging is in no way a serious matter, and that an efficient 
emedy is found, as already indicated, in either turning over or 
craping the surface of the filter. The fact brought out that when 
he sand is unworked the fats slowly oxidize indicates either that the 
otal filter area for any given case should be large enough to admit of 
k portion of the filter resting occasionally for a few months, or that 
he sand, if removed, can after a wliile be again used, although it 
B probable that ultimately it would require washing in order to 
«move slight accumulations of silt material carried in suspension by 
he sewage. 

Perhaps as important experiments as hny are those relating to the 
nechanical condition of the filtering materials. As assisting study 
D this direction, the modern systems of mechanical analysis have been 
tf great value. Indeed, we may sjiy that the recent work along this 
ine has largely given an entirel}'^ new phase to all agricultural ques- 
ions relating to the condition of the soil. In addition to the work cm 
Qechanical composition of the sands used in filtration as accomplished 
t the Massachusetts experiment station, chiefly by Mr. Allen Ilazen, 
Imilar questions have been studied at the agricultural experiment 
^tions of South Carolina and of Maryland by Prof. Milton Whit- 
ey.^ The studies of these two gentlemen have added greatly to our 



■See the Second Annnftl Report of the South Carolina A^icultural Station and the Fourth 
)port of the Maryland Station; also, as reirards methods of making mechanical analyses of 
ids for tUtration purposes, Twenty-second Annual Report of the Masaachusetts State Board 
Health. 
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knowledge of tills mbjeot, althone^ tlie eariier mxrk erf EOIgard ui 
. jolinMm l8 dlairio. 

In nrdw to Mtimate the filtering oapadlT of any n^TBti nurttcial, It 
i* importuit to understand the air and water oapaolty of the flttirtii 
material \N lion drained, the term "watercapa(dt7''bfdngtakaitoilH- 
igiiate tho amonnt of water retained In the InteistloeB after Uumn^ 
draining. The efflelenoy of the filtering prooess depends largdy iq^ 
t)ieae two Frleinents. This amount of water will depend not only npM 
the closfluesH nf the paoUng, bat also upon its nnlfonnity, andatasf 
given time upon the amount of organic matter stored ftom the tuto- 
rial filtered, ^nie water oapaolty will also depend largely upon fta 
siae of the partioks, the finer sai^ holding much water, espedaiOyflt 
the botbmi, while with oouse sand the amount held will he nai^y 
oonstant from top to bottom. 

Studies have been made as to the Umltetton of the slse of stni^ 
doMS of sewage. With Ywy ooazae m&terial the amount of sewiga 
Vhloh oan be applied at any one time is limited by the slight rete> 
tlve espaoily, the addition of too large a quantity leading to pssMg* 
through the filter . in too short a time. The oonolusion Cram te 
■todies is that the sin^ dose sbonld not exceed tSie water o^swilr 
of the material, because, If It does exceed snoh limit, a portitm «S 
pass flmui^ at onoe, first foroing out the water previonsly itU, 
leaving the filter before complete purification can take place. If At 
air limit is exceeded, the oxygen in the filter is liable to be exhaoated 
before the oxidation is complete. 

As to the purification attained by intermittent filtration, the ilMStr 
chusette experiments show that very high degrees are reached eaai^- 
By way of illnstrating the matter, we may simply state that sewage 
has been parified to the extent of removing from 95 to 99.6 per oent 
of the pollnting material. Sewage containing from 500,000 to 1,000,000 
bacteria per cubic centimeter baa been bo far purified of bacteria that 
the efSuente have frequently contained as few as from 25 to 100 bK- 
teria per cubic centimeter. In orderto appreciate this degree of bac- 
terial purification, we may consider that well waters in common oee 
frequently contain from 2,000 to 3,000 bacteria per cubic centimeter. 
As regards chemical and biological considerations, there is therefoie 
no reason why such sewage effluents are not fit to drinlc. 

The body of information in regard to sewage purification by int«^ 
mitteut filtration which is presented in the several reports of the Mm- 
sHchusettB State Board of Health has become so extensive that one 
must be au expert to keep in mind the many interesting and valuable 
results brought out. Aa assisting the general reader, who may biA 
care to travel through the several thousand pages of matter given in 
these reports, reference may be made to a very excellent summary rf 
the reaalts obtained from intermittent filtration during seven yean' 
experimentation at page 197 of t^e TepoTt ol \%^^,-w\\aT« to&y be foood 
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brief statements of yearly averages of the various kinds of filters 
experimented upon, as well as an outline of the most im|)ortant fea- 
tures in the operation of each filter. 

The subject of intermittent filtration has been discussed here because 
its theory of action applies to sewage irrigation as well, the chief dif- 
ference between the two being in the method of application and in the 
agricultural results obtained. We shall see, however, that the two 
run together, crops being easily raised on filtration areas and the fields 
of sewage farms frequently irrigated when no crops are growing, l^he 
discussion of the theory of intermittent filtration is in reality, there- 
fore, a general discussion of the theory of sewage irrigation. We shall 
see also that the agricultural utilization of sewage to the best advan- 
tage involves the use of intermittent filtration as an luljunct of broad 
irrigation. 

IRRIGATION. 

Ordinary irrigation, which consists in the application of water to the 
soil, in order to assist the growth of plants, has been practiced from 
the earliest days in Assyria, India, China, Egypt, Italy, France, 
Spain, and portions of England. Sewage irrigation, on the contrary, 
is, BO far as known, a modern development. It has for its purpose the 
purification of the water which has been employed in carrying away 
the refuse of towns. The methods of applying sewage water do not 
differ greatly from those used in ordinary irrigation, except that by 
reason of the quality of the material which sewage water carries in 
suspension and solution special attention to the detail of the process 
is required, in order that the sewage water may not come in direct 
contact with the growing plants. 

In selecting ground for a sewage farm account must be taken of the 
relative elevation of the farm and of the town, manufacturing estab- 
Ushmenty or residence from which the material comes. Whenever 
possible, as a matter of economy, the farm should be selected with 
reference to the sewage reaching it by gravity. If, however, the loca- 
tion does not admit of such procedure, pumping may be resorted to, 
although this frequently will entail considerable additional expense 
in first cost of plant as well as in the annual outlay for operation and 
maintenance. In some cases, where land can bo refiched by gravity 
by going considerable distance or can be reached by pumping within 
a short distance, carefully prepared estimates, taking into account all 
the elements of first cost, as well as the annual cost of maintenance 
and operation, may show that it is cheaper to deliver the sewage a 
long distance by gravity than a shorter distance by pumping. 

Formerly it was also considered important to select a sewage farm 
^rith reference to the surrounding inhabitation, because there was a 
prejadice against such farms on account of the assumed liability to 
^/Buvium nuisance. This objection has much less weight now than it 
brmerly had, becanse experience has fully 4eTaoxkaXiT«kXieA. >[>a»X^^ri50cL 
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proper itianagement n sewage farm ig no more objoctionablt^ (in 
nL of luul fliuelta tliaii uiiy otliei- form of farmuig. The iHliir of 
a its iiupleanaiit, altliough uot Htx^uiiillj- uuliunlltifiil. UnOoiibt- 
e<Uy there are many barnyards, both in Njwii ami foiintr)-, which HT^ 
mure unpleasant, to the sense of smeil than well-regulated »ewa^ 
farms. We may couclitde, therefore, in the light of preaent expe»^ 
ence, that an obje^ition to sewage farms on aeenunt uf serious efflo* 
viiim nuisance is not well founded. We may further ('onsider tbit| 
all sauitarianB agree that the proper place for disjxtNiuK *>' such to«B 
ntfu«' in on land. When applied there witli due referonoe to oi^ 
pruHent information as to the nitrifying proeeiw. lliere in no reawiiifo^ 
k'the produi'tion of specially bad smellH. | 

I ^^fw the best results the topsoil of n sewagf; farm should 1m^ of t 




permeable character, with a gravelly or sandy subsoil. If it be com 
pact clay, the sewage can not enter, and the only purification atlAinn 
will be that due to coming in contact with the soil by flowing over it 
Clay soils, therefore, are not so satisfactory for sewage farming » 
open, gravelly soils, although, as we shall see in describing the sew 
age farm at Wimbledon, England, it is possible t« so treat the sewagi 
and prepare the farm as to attain a very high degree of pnrifieatioi 
even with clay soils, but the chance of doing this at a commercia 
profit is exceedingly small. 

If not natorally level or of very uniform slope, a sewage farm fo 
the best results should be leveled, so that the sewage may flow equalh 
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>ver every portiou. It should also belaid out with distributinf^chaa- 
lels, as showii in flg. 4, having a proper inuliniition in order to deliver 
iie sewai^e readily to all parts <»f the farm. Formerly it was cousid- 
ared necessary that the carriers be lined with earthenware, concrete, 
IT other imperrious material, to prevent the sewage linking into the 
Sroand daring its passage along them, but now the more ordinary 
practice is simply to make earth ditches, with flat slopes. Fig, 5 illus- 
bntes a oommon form of pipe distribution. As to the best size of the 
Deld for irrigation, everything depends upon the i|uantity of m'wage 
to be dispoeed of and the character of the soil. On this point tlie 
■dvice of a person of experience in sewage farming wilt 1>e especially 
valuable. 

As to the difference in soils for sewage purification, we may refer to 
some opinions expressed nearly thirty-five years ago. In 186*2 a Par- 
Hamentary committee, known as the Select Committee un Sewage of 
IV>wns, took a lai^e amount of evidence and i-ej^rted at length in 
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1 to the agricultural utilization of sewage. Among other emi- 
; authorities called liefore this committee wa« Dr. Augustus 
^er, at that time one of the leading iigriculturaj chemists of 
nd, who testified that sewage could l)e applied with great ad van- 
B on light, porous soils, and, indeed, im all soils which resemble in 
tiaracter such land; but on liea^y clay land it could nut lie applied 
irith advantage, especially when the cultivation was such as to pro- 
duce in dry weather cracks in the clay, through which the liquid 
might penetrate to some depth in the soil. 

Prof. J. T. Way, auother eminent chemist, stated before the same 
committee that, though valuable materials were contained in sewage, 
they were coupled with a condition an to constant use in all weathers 
and at all times which obliged one to limit the use of them, and that 
if iron pipes wei-e laid over a farm and the farmer given the privilege 
of using sewage when he liked to apply it, leaving it unused so far as 
the growing crops were concerned when not needed, there would be 
no doubt as to the value of sewage in agriculture. 

Professor Way also said that under given conditions sewage is of 
immense value merely as water for irrigation purposes, while under 
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other conditions — for instance, in times of great rainfall — the water 
is so objectionable that one might better lose the manure than to be 
obliged to have the water. These opinions of thirty-four years ago 
are given here for the purpose of showing that even in the early days 
of sewage farming it was recognized that the necessity of caring for 
large amounts of water at all seasons might be a serious burden upon 
the success of such farming in a commercial way. The development 
of intermittent filtration since that time has, however, given us more 
thorough control of all the conditions than existed in 1862. 

From our present understanding, the proi)er method of procedure 
is for towns to provide, where the conditions admit, intermittent fil- 
tration areas on which sewage can be cared for and efficiently purified 
whenever it is not needed for the purposes of agriculture. Such an 
arrangement will permit of using it under the conditions laid down by 
Professor Way; that is to say, the farmer may take it when he needs it 
and let it alone when it is not needed. As thus employed, there is no 
doubt that sewage irrigation may be made immensely profitable in all 
parts of the United States. We say all parts, because there is a pop- 
ular notion that in the eastern part, at any rate, the rainfall is suflS- 
cient to meet all the requirements of agriculture. One needs, however, 
to study the history of irrigation in foreign lands only cAsually in 
order to learn that this impression, like many other popular impres- 
sions, is only in a moderate deg^e true. The anithor is decidedly of 
the opinion that irrigation occasionally applied, even in the East, 
would lead to a very great increase in the pro<luetivenes8 of farms. 

l^y wayof illustrating the foregoing proposition as to irrigatiousiip- 
pleuientiug tluMiatural rainfall, the conditions in the Po Valley, in 
th(» north of Ital}', may be referred to. We liavo here an extensive 
plain on which irrigation has been pra<*ti(*e<l for over iwo thousainl 
years. For 2()() miles along the southern base of the Alps the rainfall 
in the early part of the year is usually sufficient for the spring erops. 
Later in the season the rainfall is less, but by the use of irrigation a 
second crop is raised after the first crop is removed in the early uikI 
inid<lle part of the sunnner. In this way the total yield is nearly 
doubh^i. 

FILTRATION AREAS NECF.SSARY. 

In ord(»r to utilize sewage in the manner proposed, it will be desir- 
able for inunieipalities to eimstruet intermittent filtration areas at the 
t^xp(»nstM»f the municipality at large, on whieh sewage can be purifie'l 
whenever not required for agriculture. During the season of actual 
growth, when sewage would be naturally used for irrigation, the 
liltration areas wouhl be allowed to rest, thus perf«n*tly fultilliuiJ: one 
neeessarv condition which we have alreadv discussed in treatiuL'the 
subject of intermittent filtration. 

Possibly the objei^tion will be raised that under this arrangement 
the towns themselves would not reaU7.e a vvolit on the sewage. This, 
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wever, is not a matter of any moment. The towns, as we have 
m, really owe it to the riparian proprietors on the streams below 
3 points where sewage enters not to so foul the stream as to create a 
isance. It is a natural right of the riparian owners to demand that 
iv^age pollution be prevented. It is a duty, therefore, on the part 
towns to purify sewage before allowing it to enter streams. If in 
3 process of such purification the towns can realize even a partial 
ium, they have so much clear gain; they should look upon it as a 
rtial recoupment of a necessary expense which otherwise would be 
ich larger. 

Experience has shown that there is no objection to raising crops on 
e intermittent filtration areas, and on several of the English sewage 
rms, as well as on those of Germany, this practice is quite common, 
has also been done at South Framingham, Massachusetts; at Plain- 
Id, New Jersey, and at other places in the United States. At South 
'amingham, in particular, the result of several years' experience is 
indicate that Indian corn grows with the greatest luxuriance upon 
e filtration areas, so much so that in some years the standing crop 
ks been sold in the field to the highest bidder at as much as from $30 
♦40 per acre. At the same time the effluent from the South Framing- 
im sewerage works, which flows into the Boston water supply, has 
jen kept up to the proper standard of purity. The works at South 
ramingham are owned by the town. 

OPINIONS OP FOREIGN COMMISSIONS. 

Examples of this sort show the importance of approaching questions 
! sewage purification and utilization from a practical point of view, 
ad >*ith due reference to the recent information as to the effect of the 
itrifying organism in preparing refuse substances for utilization by 
lantlife. The problem takes on such new forms that much of the old 
iformation has little application. There are, however, a large num- 
er of opinions expressed in the past by government commissions and 
nainent sanitarians which are considerably enforced by the recent 
iews. Let us refer a little in detail to several of these opinions 
Mch have been shown by the passage of time to be fundamentally 
>und. In 1857 a commission ^ was appointed to inquire into the best 
ode of distributing the sewage of English towns and applying it to 
'Ueficial and profitable use. This commission included among its 



'Sewage of Towns Commlasiun, ReportM 1, 2, 3, 8", London, 1858-(Jl-65. Those roportH contain 
' details of carefnl investigations. Elaborate cultivation and feeding exi^eriments were pur- 
><1 extending over a period of several years, the results of which were presented in great 
^1 in the second and third reports. In the appendix to the first report may \rc found an 
-onnt of a visit made by a committee of the commission to Milan, Italy, for the purpose of 
Unining the sewage utilization works at that place. This committee reported, under date of 
Qember, 1867, that the experience of the irrigation around Milan added a striking proof to 
^t already obtained as to the value in agriculture of a command of pure water, and of the 
■tienae increase of that value obtained by the addition of sewage combined with the higher 
(iperatore derived by the liquid in its pa.s.sage througb tbe tovni. 
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mawbers araoh eminent engineers and cbemiste as I. K. Brntielli 
Bobett Itovlhisoii, Trof. J. T. Way, J. B. Lawes, John Simon, and 
, ^^Dty AlurtUi. They tttudied the question in all its plia^es an<l 
ried.oat extensive experiments, which are detailed at length in tiieir 
reports. In the Dual report, presented in IStiS, the enmiuissioD sud 
OMfc ss a resolt of its labor and investigation it was of the opiniaii 
that the right Wby to dispose of town newa^ is U) apply it c-ontino- 
oosly to land, and that the poUtition of rivers can Ix: avoided only by 
■nobappUoation; that the financial results of applying sewage to Uud 
dUFer under ditti-nnt. local eircumst-ances, because in some pli 
Jirrlj^tdon can bt- iHiTted by gravity, while in othem pumping must 
he employed; alfio, because heavy soils, which may bo aU>iie avail- 
ahle In some places, are less fit than light Hoihj fur sewa^ irrigatiou. 
JThe oommission also expressed the opinion that where loeul eireDii- 
stanDesarofaTomble, and undue expense is avoided, towns tiia>' iIcriTe 
profit from ^iplring sewage in agrieullure. 

Ab a final somiuation, this commiasion states that wherever i 
jue pt^Qted by the discharge of lAwn sewage into them, the tovnu 
may be reasonably required to desist from causing a public nuiKaiice, 

"bi. 1S65 another (commission was appointed (referred to on p. 19), 
OQinnionly known as the First Rivers PoUution Coiumission. It uon- 
riotod of Bobert Kawlinson, J. T. Harrison, and J. T. Way, who were 
charged with an inquiry as to how far the use of rivers and ruuuing 
waters in England for the purpose of carrying off the sewage of towiu 
and populous places and the refuse arising from Industrial processes 
and manufactures could be prevented without risk to the public 
health or serious injury to such pnxiesses and mauufaetures, and liov 
far such sewage and refuse could bo ntilized other than by discharge 
into rivers or rendcF-wl harmleas before reaching them. 

In its report on the River Thames this commission su^ests that the 
whole river be placed under the superintendence of one goveminf: 
body, and that, after 1 lie lapse of a perioil to be allowed for thealt«n' 
tion of existing arrangements, it be made unlawful for any sewage, 
unless the same has l)een passed over land so as to become purified, 
or for any injurious substances or refuse from paper mills, tanneries, 
and other works, to be cast into the River Thames between certftin 
limits defined in the report, and that any person offending in this 
respect be made liable to penalties to be recovered summarily. In 
their report on the River I^ea the commissioners suggest that a similar 
arrangement be made for the more thorough control of that stream. 

In 1868 the Queen's commission was issued to what is known as the 
Second Rivers Pollution Commission, whose work in the line of inter- 
mittent filtration has been referred toon pages 29 to 31. The scope of 
this commission's inquiry, as given on page 29, is seen to be the same 
as that of the First Rivers Pollution Commission. The Second Rivers 
PoUation Commission studied queationH of sewage purification very 
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iroadly, making six reports in all, which are the great mine of infor- 
nation as to river and stream pollution at this day. As regards these 
larticular subjects, in no civilize<l country has work approximating to 
hat of the Second Rivers Pollution Commission ])ecn performed. 

In the summary to the fourth report, on the l>ost moans of jn^e- 
^nting the pollution of rivere, the commissicmers take the ground 
hat the question of how to prevent polluting liquids fn)m gaining 
iccess to running water could not be successfully answered without 
Iret defining just what is meant by polluted water; and that follow- 
ng this line, for the purpose of efficient legislation, an arbitrary line 
ihoakl be drawn between waters which are U) be deemed iK)lluting 
ind inadmissible into streams and those which may ])e considered 
unocuous and therefore admissible to streams. The commission 
jherefore gives certain standards of purity, which it is not necessary 
bo reproduce, and states that such standards have been formed with 
\he most careful regard for the interests of l)oth towns and manufac- 
turers. It expresses the opinion that the adoption of the methods pro- 
posed would not inflict any injury on manufactures, but might, on 
Uie other hand, save the manufacturers from inflicting injuries ui>on 
themselves. It is ahio pointed out that one of the most cr>ing evils 
In manufacturing districts is the want of clean water, and that there- 
lore every successful effort to make dirty water again usable is a 
dear gain to the manufacturing class as a whole. 

In 1876 the English Society of .Arts took uj) the st udy of various 
Babjects connected with the health of towns, and, as an authoritative 
scientific society of the country, appointed a committee to report, to 
the society in regard to the various questions involved in sewage 
utilization and the allied sanitary subjects. In its report the com- 
mittee states as its opinion that where land at a rea^sonable price can 
!» procured with favorable natural gradients, with hoW of the proper 
quality and in sufficient quantity, a sewage farm, if properly con- 
ducted, is apparently the best method of disposing of water-carried 
sewage. 

The committee also cautions the reader to bear in mind that a profit 
need not necessarily be looked for by the locality or municipality 
establishing the sewage farm, but that the farmcM' may be expected 
to reap profitsfrom the operation. As to the sludge from precipiUition 
processes, it is pointed out that from the nmnurial point of view it is 
of low and uncertain commercial value; that the cost of its conversion 
into a valuable manure will preclude the attainment of any adequate 
letums for the outlay and working expenses connected therewith, 
snd that means must thei*efore be used for getting rid of it without 
Jeference to possible profit. 

In 1882 the Queen's commission was again issued to what is known 
ss the Royal Commission on Metropolitan Sewage Discharge. The 
^pe of this commission's inquiry has been already referred to on 
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page 31, in our discussion of intermittent filtration. This commis- 
sion reported that it was neither necessary nor justifiable to discharge 
the sewage of the metropolis in its crude state into any part of the 
River Thames, and that some method of precipitation should be used 
to separate the solid from the liquid portions of the sewage. As a 
preliminary and temporary measure, however, the liquid portion of 
the sewage remaining after the precipitation of the solids might be 
suffered to flow into the river at a period between high water and 
half ebb of each tide, and at no other time. 

It is also strongly stated that the liquid so separated would not be 
sufficiently free from noxious matters to allow of its being discharged 
at the present outfalls as a permanent measure; it would require still 
further purification, which, according to present knowledge, could 
be accomplished efficiently only by applying it to land. Because of 
the difficulty of obtaining sufficient area for irrigation in the vicinity 
of London, the commissi(m was of the opinion that this additional 
purification could be best effected by intermittent filtration, for which, 
from the information at hand, it was concluded that sufficient area 
was available, at any rate within convenient distance of the northern 
outfall. As to the southern outfall, the commission was unable to 
state fn)m its investigations the quantity of available land; incase 
of insufficient land available, the clarified effluent of the southern 
outfall was to be conveyed to the north side by a conduit under the 
river. 

Ill l.S!)2 the Queen's commission was again issued to what is known 
as the Koyal Commission on Metropolitan Water Supply,^ which was 
chai-j^ed with inciuiring into the present source of supj^ly of the 
jHolropolisaud as to whether thc^ ([uality and quantity were adequate, 
('t<*. Tills commission included among its members such eminent 
sanitarians as Sir George Hartley Bruce, (4eorge II. Hill, and James 
Mansergh. In summing up the matter this commission said that all 
[lossible vigilance* sliould be exercised to prevent unnecess^iry cou- 
t am illation of the rivers Thames and Lea and their respective tribu- 
taries, as well as to insure Ihc^ thorough treatment of all sewage, 
before it is allowed to pass into the rivers, by the most efficaciou!^ 
methods that (experience and science may dictate. 

Tlie Koyal Commission on Metropolitan Water Supply also remarke<l 
that advances had b(»en made during the ])ast twenty-five years in the 
construction of sewage works in the valleys of the Thames and Lea; 
that wliere such works had beiMi const ructe<l on an efficient, svst^iu 
the sewag(* could be so dealt with at all times, except, tliose of tlocxl. 
that the <*tlhients weni clear and innocuous. It should be borne in 
mind that this opinion is expressed by a commission which included 



" Motropolitati Wnt«'r Supply, Report of Royal Commission on, volumes, general report, niin 
iites of ovident-e. appendices, index, plans, et<-., 4°, London, 18fl3. The most recent and exten- 
sive information as to pollution of streams and its effect on the water supply of tho metropolis 
a& applied to tho rivers Thames and Lea, Irom ntYAcVi t\i«.t H\\\)\»ly la drawn. 
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inite membership some of the most eminent sanitarians of the present 
day, and that the streams into which the sewage effluents pass are the 
Boorees of the water supply of the largest city in the world. 

In 1874 Sir John Hawkshaw was commissioned to inquire as to the 
pollution of the River Clyde and its tributaries and how far the sewage 
nfuse from the towns and manufactories could be utilized and got rid 
of without running into streams, etc. In his report it is pointed out 
very forcibly that those who own and manage manufacturing estab- 
lishments have them wholly under control, and that they can therefore 
provide and enforce the necessary provisions and regulations for 
removing the nuisances which they so often create, and that by reason 
of this fact there can be no necessity for the fecal matter from such 
CBtablishments being passed into the streams. lie also points out., as 
lu8 been done by a number of other commissioners, that wherever 
large populations are gathered and numerous manufactories exist on 
the banks of any river, combined action should be taken to secure the 
waters of the stream from pollution as far as practicable. As a mere 
matter of fairness the manufactories and all works and establishments 
nmilarly situated should be treated alike. 

In 1875 the president of the English Local Government Board 
requested Robert Rawlinson and Clare Sewell Read to report to the 
board as to the several modes of treating town sewage. Tlie report, 
sabmitted in 1876, is one of the most valuable contributions to tlie 
literature of sewage disposal thus far made. Among the conclusions 
Messrs. Rawlinson and Read point out: (1) That the scavenging, 
sewering, and cleansing of towns are necessary for comfort and healt h, 
and involve in all cases questions of how to remove town refuse in 
the safest manner and at the lowest expense. (2) That the retention 
for any lengthy period of refuse and excreta in private cesspits or in 
cesspools, or at stables, cowsheds, slaughterhouses, or other places in 
the midst of towns, must be utterly condemned. * • * (3) That 
the sewering of towns and the draining of houses must be considered 
a prime necessity under all conditions and circumstances. * * * 

(4) That most rivers and streams are polluted ])y the discharge into 
them of crude sewage, which practice is highly objectionable. 

(5) That as far as they have been able to ascertain, none of the exist- 
ing modes of treating town sewage by chemicals appear to effect much 
change beyond the separation of the solids. * * * (o) That so far 
im examined none of the manufactured manures made by manip- 
ulating town refuse, with or without chemicals, pay the costs of treat- 
ment. » * * (7) That town sewage can best and most cheaply 
be disposed of and i^urified by the process of land irrigation for agri- 
cultural puri)oses where local conditions are favorable to its appli- 
cation. * * * (8) That land irrigation is not practicable in all 
cases. ♦ * * (9) That towns situated on the seacoast or on tidal 
Bstoaries may be allowed to turn sewage into the sea or estuary below 
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tha line of lew water, provided nu DuiRaiiet' is {■aimed and that 
mode of getting rid of sewage <'an be justified nu the 

Tlie fore^oin^ Include the opinions of practical I y aU tli 
ftanitni-iana of England for the last thirty-five years, and, as will bfl 
seen, BHcli opinion has been uuaiiimuus that the prefprablo niodeul 
purifying town sewage in Ijy applieAtiou to land. So overwhelming 
is this evidence that we must, in the future, consider this part of the 
Subject as what the lawyers uall res adjiidicata— a proposition abso- 
•ulntely settled and no longer to be called into iiuestion. The pmg- 
, ress of the recent views k) which we ha^'e already referred has astsislMl 
in taking this prciposition out of the realm of controversy. 

In jiiittsing we may remark that similar opinions have been e-xpressd 
by (Jemmn, Italian, and French Government commissions; but thffle 
latter all full bo entirely within the lino of the view taJceii by thsiwv- 
eral Euglisa commissions that it is unnecessary to cite them l)«r«, 
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Pig. 0.~Kidge-Mid-CaiTow befla, with cropping, 

the more especially because, sewage disposal havit 
England, the eommisHions of other countries have 
essentially followed the English views. 



As aJj-(!Ju3j' staled, the methods ui applyiuj^ sewage in broad irrijiii- 
tion are substantially those of ordinary irrigation, with the exception 
of the necessity for closer attention to the detail. The principal 
special systems of irrigation used in sewage farming are known as 
(1) the ridge-and-f urrow or bedwork system and (2) the catchwort 
system. Great variations from these two systems may, however, 
allowed. ' 

Figs. 6 to 13 illustrate a number of different methods of applying 
the sewage. We may also refer to the pipe-and-hydrant system, as 

>For methods o( layliiB out luid upplloable to oewage fsmiB, see Lea Irrigations, br i. 
KoiiDa(3Tolames.S°). This la the moat recent of tbe Freoiih text-books, uid treats tbe pnian- 
tloo ot luiif In tall detail. 
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[ as to the level-bed system, used when the filtration areas for 
trmittent filtration are utilized for raising crops. 
I laying out land for the ridge-and-f urrow system a series of slope 
B are prepared, along the top of which supply carriers are laid, 
eh are formed with level edges, so that the water flows over in a 
I film and so on down over the slope beds witli uniform depth, 
h ridges are made in couples, with the slopes vaiying from 1 in 
» 1 in 150. The amount of slope to be given in any particular case 





Fig. 7.— Plan and sactions of ridge-and-furrow irrigation (Ronua, p. 438). 

urely a matter of judgment, in whicli the controlling factor is the 
ousness of the ground to be irrigated, the object of the slope being 
nsure that the water reaches in sufficient quantity all parts of the 
to be irrigated. Common dimensions of the beds are a total 
adth of from 30 to 40 feet, or a breadth of slope on each side of the 
fe of from 15 to 20 feet, although in exceptional cases, depending 
inst the use to which the beds are to be placed, the beds may be 
le larger. The length may be any convenient dimension suited 

IRB 3 4 
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to the oontoor of the area prepared. Land nnder enoh beds may b> 
nnderdrained in aooordanoe with tiie rales for onderdralnlng wkih 
apply in ordlnaiy fbrmlsg, though in deciding whether or not to 
folly nnderdrain any given area it shoald be remembered that dnii- 
age IncreaBee the porooBness of the soli.' 

At the foot of the dopes a fnnow 1b formed, whloh reoelTeB 107 
sewage not absorbed in the passi^ over the beds and oonduotstt 
away to another and lower series of beds or to the outfall, as the oue 
may be. Ordinarily the snrfaoe water of one irrigation should be 
puaed over several beds in order to insure thorough puriflcatioi. 
This is espedally important where the beds are made of the Bizea indi- 
oated in the foregoing. The thorough removal of the water at tho 
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foot of the Blopes, as well as the prevention of water-logging of the 
land, is insured by making a furrow at the foot of the slopes of ampls 
dimension and with fall enough to produce quick drainage. Figs, 'i 
and 8 show the arrangement of the ridge-and-furrow s)'8t«m of 
irrigation. 

In the catchwork Byst«m, which is more especially adapted to st««p 
and irregular land, the liquid is delivered at the highest point of tb* 
area, the same as with ridge-and-furrow, a main carrier with level Up 

'French, HenrrF.: Tnm Diainrnge: The PrlndpleB.Prurtlw. and UethodHot Draining LhA 
Mc. 1£°, Heir York. IHH. Waring, Col. Qeorge E., jr.: Draining tor ProBt and Dntlntngl' 
Bealtb. M «d., 1S°, New York. 188B. 
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on the lower side, along the highest contour, i)ermitting the irrigation 
wftter to overflow the edge when dams are placed temporarily at 
▼Brions x>oints on its course. At some distance lower down a catch 
gutter is formed on the contour, into which the unabsorbed overflow 
of the main carrier is caught as it flows downward. A damming of 
the catch gutter at suitable intervals causes it to overflow to the sec- 
ond, the same as in the case of the main carrier, and so on down to 

A 




Pio. 9.— Catchwork system of irrigratlon. 

Hie lowest contour of the area irrigated. The detail of this operation 
ia illustrated by fig. 9. 

According to Mr. Bum,Uhe great difference between the ridge-and- 
furrow system and the catchwork system is in the laying out of the 
SroBnd. In the catchwork system, although the natural inclination 
>t the ground is taken advantage of in the most direct and simple 
Qdanner, still a considerable inclination is necessary for its successful 

Application. The ridge-and-furrow system, on the other hand, is 

^ — ■ 

s Bom* R. Scott: Ontlinea of Modem Farming, 0th ed., 12^t London, 1888. Treats extAnsU^Vl^ 
other Bubjeots, of the ntilization of town sewage, irrVgatVou^ «^. 
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mom espeoudly applicable to flat ground, suoh as la usually found 
Tallesrs or along the banks of rivers. In this system the neoesa 
inclination is given by artificially throwing up the ridges, and 
akiU with whidi one part is taken advantage of to make up the d 
dendes of another paxt will determine the degree of economical f 
cess. Generally speaking, the catohwork sjBtem is much chea 
than the ridge-and-furrow system, and at the present time the rid 
and-furrow system is only used where the ground is exoeedingly 
or where for some special purpose the catchwork system is deemec 
be spedaUy undesirable. 

Mr. Bum calls attention to certain points to be observed in L 
ing out beds for the ridge-and-furrow system, as follows: If la 




Fio. 10.— Distribation system adapted to irregular land (Ronna, p. 3H2). 



intended for permanent meadow has a covering of sod, this should 
removed by cutting into strips some 15 or 18 inches wide and placi 
carefully at one side. The inclined beds should next be made a 
the levels properly adjusted; then the channels of supply and 
drains for leading off the water when used should be marked 
Cutting out of these may then be proceeded with, taking care 
beginning the leading channels of supply that the soil taken out fi 
these and the drains be carefully spread over tlie inclined surff 
After the channels are all cut, if the ground is to remain down 
meadow, the turf may be replaced. This work should be done ^ 
care in order to prevent irregularities of the surface. In all this w 
the point to be observed is that aU parts of specially prepared surf 
aball receive their due supply oi se^a^e. If hollows are left, 
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^ will be likely to collect therein and become stagnant. Mr. 
expresses the opinion that the objections which have been fre- 
tly raised to the rankness of sewage-grown grass have had their 
a chiefly in the badness of the plan adopted for applying the 
^. If this is true, it is obvious that the small additional expend- 
necessary to prepare the ground properly will be repaid, 
to the relative costs of preparing land for ridge-and-f urrow irri- 
n, it has cost in England, in some cases, as much as from $100 




>. 11.— Double system of contour distribution controlled by end gates (Ronna, p. 306). 

50 per acre, while catchwork systems have been carried out for 
$10 to $25 or $30 per acre. The difference in price alone would 
to the use of the catchwork system and modifications of it in 
30untry. 

a pipe-and-hydrant system of distribution a series of pipes is laid 
rding to such a system (depending upon the topography) as will 
t of reaching every point of the area to be irrigated with sewage, 
lerly iron pipes were used for this purpose, but at the present 
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time terra-cotta or vitrified tile pipes are quite commonly used. Ii 
order to render (he irrigation of the field as convenient ns pOBSiUt, 
hydrants are placed at proper points, fitted with the usnal coaplinf 
fdr connecting hose. Sewage is forced through these pipes, either bf 
steam power or gravitation, as the case may be, and distributed to 
the surface of the fields by means of hose. 

In a gravitation system a receiving taak is usually placed at a oob- 
venient elevation above the area to be irrigated, from whicii nuuu 
are laid to different parts of the irrigated area. In such a system tin 
power with which the sewage flows from the hydrants is necessarily 
fixed by the height of the tank, but in a pumping system the powa 
con of course be varied the same as in any other application of pomp- 
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ing. Tlio detail of arranging such systems cau not be given except I 
in a very general way, because of differences in local conditions, but 
it will readily present itself to any engineer skilled in this class of 
work when the necessary preliminary data are placed before him. l" 
England alat^ number of pipe-distribution systems have been carried 
oat, while in this country the distribution at the PuUman, Illinois, 
sewage farm is effected iu the same manner. The scarcity of waief 
in southern California has also led to a cousiilerable use of pipe sj"* 
tems therefor the distribution of ordinary irrigation water, especially 
in the vicinity of Los Angeles. 

One of the most complete systems of this kind is on a sewage farm 
at Rugby, England. This was establislied by Mr. G. H. Walker, via 
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tered iuto an arrangement with the borough of Ragby to take the 
irn sewage, which at the time of iaying out the farm amounted to 
out 160,000 gallons a day. All cesspools were abolished in the town, 
d even the humblest cottage was provided with water-closets, so 
it the entire refuse of a population of 7,000 was delivered Into the 
vers. 

The sewage flows from the town into an open brick reservoir 50 
■tin diameter and 12 feet in depth, from which it is forced by steam 
easore into a system of cast-iron pipes led over the fnrm. The 
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eatest elevation to whicli the scwago is pumped is about CO feet 
ove the reservoir, although a considerable portion of the land is 
er 20 feet above that level, and some of it as mucli as 20 feet 
low. The engine works a small air pump for tlie piirposo of agi- 
;ing the sewage in the receiving reservoir and preventing the 
posit of solid matters. 

rhe distributing pipes are laid over 420 acres of land, chiefly in 
tas, and comprise about 5^ miles, or about G!)l feet per acre. The 
tin distributary is inches in diameter, with branches 3 incites in 
uueter. The total number of hydrants is 06, fitted with couplings 
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(or atteoUng hoee from time to time to distribote the seva^ is tha 
neighborhood of each. The works orlginaUy cost abont t39 per Hn, 
bat with the experienoe gained from these and other works it k 
believed that similar works ooold now be carried oat for $96 m \m 
per acre. Probably, by the ase of t«rra-eotta pipe for that portin of 
the distribation system not repaired to take high pressure, the coit 
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of saoh a system, with favorable topographical oondltlons and a lup 
area, coold be Ivoaght within (15 to tl8 per acre. The cost of dii- 
tribation is stated at not exceeding 1 cent per ton of sewage. 




Fio. IS,— PbD of BrTaDgement of winter dr^D on a filter area with abeorptton 



In preparing intermittent filtration areas for the growth of crops 
level filter beds are made with low embankments around them, the 
area varying according to local conditions fi'oni 1 to -1 or 5 acres. Car- 
riers are run on convenient lines for supplying sewage to these beds 
at suitable intervals. The area is also thoroughly nnderdrained, with 
the draiua laid at least 5 feet deep, lii &omi£ &o\\& e. slight advantage 
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1 be gained by making the drains as deep as 6 or 7 feet. In order 
grow crops upon such areas the surface is prepared with a series 
absorption ditches, where the sewage is allowed to stand until it 
.ks away into the ground, the length of time required for its dis- 
pearance of course varying according to the permeability of the 
L Absorption ditches are illustrated by figs. 2, 3, and 15. On 
!an sands, as experimented with at the Massachusetts experiment 
ktion, it was found that very large doses of sewage would sink into 
»rse sands in a very few minutes, but in fine sands, especially after 
By had been a long time in use, the period is considerably prolonged, 
some cases it may be as much as twenty-four hours, the depth of 
?rage applied of course entering in as a controlling element. 
If it is desired to dispose of sewage on filtration areas fitted with 

12" 



Surface 




tz 



It 



Filter Area 

~ s 




FiQ. 16.— Cross section of winter drains. 

^sorption ditches during the winter season in extremely cold climates 
ible to heavy snowfall, and a high degi^ee of purity of effluent is 
quired, the ditches may be covered with boards, somewhat in the 
inner already described for the experimental sand-trench area at 
iwrence. Where a lower degree of purity of winter effiuent is suffi- 
mt, the areas may be left without any covering at all. Experience 
8 shown that the sewage, b}' reason of reaching the fields at a tem- 
rature considerably above freezing, will penetrate beneath the snow, 
11m of ice freezing on the under side thereof and the process of filtra- 
n going on the same as if the snow were absent, except that the low 
aperature will tend to decrease the activity of the nitrifying organ- 
is. This case, however, is provided for in a na\,WTa\^^'Nf . K^^<^'^k\^. 
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by the experiments, the tendency in winter is for the nitrogenous mat- 
ter to store itself in the sand by what in effect is a process of simpla 
straining. As warm weather oomes on in the spring, nitrificatiai 
again resumes its sway, with the result of finally resolving the skxed 
matter of the cold jieriod. We have here a very interesting illustn- 
tion of the fine balance of forces sometimes existing in nature. The 
nitrifying organisms, by reason of susceptibility to temperature, am 
enabled to carry on their work more actively in warm weather than 
in cold. The soil, acting as a simple strainer, strains out the oliijeo- 
tionable matters in cold weather and stores them up until the perkid 
of activity of the nitrifying organisms shall have again come roond, 
when these minute agents again successfully perform their appointed 
work. 

BEST CROPS FOB SEWAOB FABMIKO. 

A large amount of study has been directed toward the question d 
the best crops for sewage farming, especially in England, with the 
result of showing that in that country, at any rate, almost any cit^ 
which can be raised in ordinary farming can be cultivated on propeilf 
managed sewage farms with good effect. Among the crops ordinarily 
raised we may mention Italian rye grass, seeds, pasture, potatoes, 
wheat, oats, barley, mangolds, carrots, cabbage, parsnii>s, tnniipfi, 
beans, rhubarb, celery, peas, lettuce, and com. In southern climates' 
the yam has been grown to good effect with sewage irrigation, while 
in southern California, orchards are successfully irrigated with sew* 
age. The species of water willow known as osier is also grown exten- 
sively on sewage farms, not onl}'^ because it is a valuable crop in the 
vicinity of towns, where it is extensively used in basket making, but 
especially because it has the property of absorbing large quantities 
of water. The American water weed, anacharis, is also a very gross 
feeder and will assimilate large quantities of organic impurit}'. 
Among other water plants which are capable of absorbing organic 
impurities may be mentioned duck weed, sedges, common reed, flow- 
ering rush, water lilies, liverwort, water cress, etc. There is, however, 
no special advantage in using some of these so long as plants having: 
commercial value can be raised. 

At the Doncaster sewage farm in England, in addition to wheat> 
barley, oats, rye, potatoes, rye grass, clover, meadow grass, and osiers, 
considerable quantities of small fruits, such as currants, gooseberries, 
and raspberries, have been successfully cultivated. At Berlin the 
chief crops are rape grown for seed to be used in the manufacture of 
oil, colza, mustard, carroway, hemp, and the cereals — wheat, rj'e, bar- 
ley, and oats — with potatoes, beets, turnips, cabbage, and vegetables 
generally. 

In the irrigation on the Plain of Gennevilliers, at Paris, by reason 
of the nearness of the fields to the city of Paris, the crops produced 
are chiefiy those common to ordinary French truck farming. As we 
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see farther on in discussing the Paris irrigation problem, very 
)le success has been attained hero in the raising of all ordinary 
m track. Undoubtedly, however, the keeping of a large amount 
e stock and the production of beef and dairy material is, on the 
a, the most imjwrtant branch of sewage farming. Italian rye 
in suited above all other grasses for irrigation, and in England, 
and, and other countries yields, with sewage irrigation, prodi- 
1 crops of forage of best quality. Under favorable conditions it 
lelded as much as 60 tons of green forage per acre per year. In 
jcount of Italian rye grass which appears in Bulletin No. 73 of 
*^orth Carolina experiment station it is stated that Italian rye 
1 is scarcely hardy -north of Washington, but is fully hardy in 
!arolinas; that it i^esists drought well, but requires for the best 
is a deep, moist, rich soil. On poor soils it is stated to be of lit- 
ilue. The growth is upright, 2 or 3 feet high, and very leafy, 
ich soils it should be cut every three or four weeks, as otherwise 
eavy growth is apt to cause the grass to lo<lge and rot at the base 
e culms. This grass shoots early in the spring and flowers in 
When grown for seed, it yields as much as 30() to 400 pounds 
,cre, worth from 3 to 5 cents per pound. 

glish perennial rye grass, the seed of which is quite similar to 
of Italian rye grass, is also grown extensively' in England, where 
istitutes the chief grass of many of those famous pastures which 
not been broken up or reseeded for over a century. It forms a 
thick, compact turf, which is not easily broken by the feet of 
als. This grass may be grown on the heavy clay soils of the 
ti, but is not considered as fitted for the conditions of agriculture 
e North. 

e seed of the English perennial rye grass is much less expensive 

that of the Italian rye grass, and hence is frequently used as an 

berant of the latter. The seeds of such weeds as are common to 

neadows are also frequentl}- largely present in uncleaned samples 

r^e-grass seed. For these several reasons the Italian rye-grass 

should be purchased only of reputable dealers and under a 

anty of quality. A bushel weighs from 18 to 24 pounds. When 

alone, it requires from 45 to 50 pounds per acre. 

lletin No. 73 of the North Carolina agricultural experiment station 

states that Italian rye grass is one of the best grasses for temporary 

[>n good moist soil. It is best sown alone or with alsike clover. If 

in the fall, it will give five or six heavy cuttings in the succeod- 

^ear, and is best plowed up the next fall. If sown in the spring, 

ly be allowed to stand the second season. This gi'ass has often 

used in small quantities in mixtures to serve as a nurse for the 

permanent and vigorous species, but it is now generally agreed 

this is not the best practice, as the luxuriant growth of the rye 

i is likely to smother out the grasses it was meant to asisist. It 
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disappoai-A at the end of the second year, leaving the ground nnotfn- 
pied for weeds to come in. Italian rye grass is slated as very exhaust- 
lug to the soil, afid hence beromes esperially amenable to irrigatiiui 
by sewage. According to the experiments of the English Sewagp of 
Towns Commissiim, as well as the practical obsen-ation of farmHrswlio 
have tried it in the South in this conntrj-, its value for feeding is vm 
high. \\Tion grown in the South, in ordinary farming, it is nwcwarr 
to reaeed it every second year; but probably with sewage irrigation 
it could be carriefl to the third year, the sameaa the ordinary practiw 
in English sewage farming. At the Berlin sewage farm, where a con- 
eiderable quanliij- of Italian rye grass is grown, the best mixture im 
been found to be timothy and rye gras.s, abcjut half and half. 

Clovers and alliiifa are also crops which have been fonnd to llirive 
well on nioderjito sewage irrigation at different places, especially lli» 
latter. This will grow in favorable soil anywhere from aboot sea lerel 
to 7,000 feet elevation. It may be seen very commonly in the vallep 
under the foothills of the Colorado and California mountains, Ilgron 
best in a light, rich, sandy loam, underlain by a loose, penneable Rub- 
soil, and its development is considerably influenced by such condi- 
tions as the depth and warmth of the soil, the depth of the ground 
water below the Burtace, and the physical character of the scil»wl ' 
generally. Its cultivation has been most successful in the arid 
regions of the West and Southwest, where, because of the light rain- 
fall, an artiiicially controlled water supply is commonly used. Eip(- 
lience there indicates that it grows better tinder irrigation than under 
any other conditions, ;is in this way the (juantity of water exactly 
suited to its best development may l>e supplied. Good drainage is 
necessary, as otherwise the plants arc likely to be killed byaneseea 
of water either in the soil or on the surface. When undergoing irri- 
gation, wat«r should not be allowed to stand on the alfalfa field mon 
than forty-eight hours, as otherwise the ground becomes saturated 
and the plant liable to be drowned out. A verj- complete acoonntof 
alfalfa may be found in Farmers' Bulletin No, ai of the United Stala 
Department of Agriculture. 

Before the modem application of the practice of ensilage to the 
preservation of green crops came into use one great difficulty in the 
management of sewage farms related to the disposition of the enor- 
mous green forage <;rops which sewage-irrigated land pi*odnees. Witl 
ensilage, however, this difficulty is entirely done away with, and 
sewage farming may be considered to have taken by its use a Titv 
impulse. Most of the reiterated objections of from twenty to twenlv- 
five years ago as to Uie impossibility of operating sewage farms at* 
profit have been removed, and, indeed, ensilage is another reeeot 
new application through whicli sewage farming may be said to have 
taken on such entirely different lines of development as to render 
many of the discussions of an earlier date of little value. 
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In eastern countries silos have been used for preserving com for 
many hundred years. Underground pits are stated to have been 
Qaed by the wandering tribes of Ambia in order to prevent victorious 
enemies from obtaining possession of food supplies. The Moors 
brought the art of ensilage into Spain, whence it found its way into 
France and Germany, and finally extended to England and the United 
States, in which latter countries its use has mostly grown up since 
about 1880. 

As to the theory of ensilage, it may be remarked that if green crops 
aie left exposed to the air for any considerable space fermentation 
begins, and if left unchecked vriU continue until putrefaction sets in 
and the crop becomes useless for feeding purjioses. It is now under- 
stood that fermentation is produced by the active agency of bacteria. 
According to the researches of Pasteur there are certain ferments 
which continue their action without the presence of oxygen; such 
fermentation is called putrefaction, and is accompanied by the pro- 
duction of bad odors. It is the opposite of nitrification, which takes 
place only in the presence of oxygen, and is, when working to the best 
advantage, entirely unaccompanied by odor. 

Again, all putrefactive fermentation is accompanied by the pro- 
duction of considerable quantities of heat. If we place a green crop 
in the silo, but leave it freely exposed to the air for a few days, it 
becomes heated to a temperature of from 125° to 150° F., at which 
point the bacteria are killed and the subsequent fermentation which 
would otherwise have been i)roduced by them is arrested. The 
material so produced is called sweet silage, which remains aromatic 
by reason of having gone through merely what is called hay fermen- 
tation. 

When, however, the green crop is put into the silo and subjected 
to pressure, with the exclusion of air immediately after being put in, 
the temperature does not rise above about 100° F. At this point the 
bacteria are not killed and the fermentation proceeds to the point of 
forming lactic or acetic acids, the process being accompanied by the 
loss of some of the saccharine matters, which are supposed to break 
up and form new combinations, passing away partly as gas. This 
process produces what is known as sour silage, in contradistinction 
to the kind which is termed sweet. Cattle soon learn to eat either 
variety with avidity. 

We will not take up space to describe the process of ensilage in this 
place, but simply refer the reader to J^ulletin No. 32 of the United 
States Department of Agriculture, where very complete detail as to 
the construction and cost of silos, as well as to crops best suited to 
the process, may be found. We may remark, however, that the most 
common ensilage crop of ordinary farming in this country is Indian 
com. Over a large part of the United States from 15 to 20 tons 
of clean fodder per acre can be grown without difficulty under the 
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condittoDD of ordinnry farmiug. ConsiderinR the vigorons grc" 
Indian corn produced by sewage irrigation, it is probabit 
rience would soon show that on sewage farms from two to three time 
this quantity could be produced by growing, say, two crops on the 
same area in a season.' 

lo England tlie first experiments with rye-grnss silage were miidp 
from ten to fifteen years ago, with the result of showing that thei* 
was no difficulty in preparing the rje grass for winter feeding in this 
way. At the present time ensilage is regularly used on nearly hII 
the English sewage farms. Experience with it at the different famii! 
will be given in the detailed accounts of the English sewage fanoit 
following. 

As to the feeding value of sewage-grown grass, we may refer, for 
ftii authoritative exposition, to the reports of the English Sewage of 
Towns Commission. This commission experimented extensively on 
this subject and gave its report in great detail. Among other points 
presented, it shows that very large quantities of milk ha well as beef 
can be produced from cattle fed on sewage-irrigated grass, and that 
the composition of the milk produced varied but slightly from that 
produced by CAttle fed on ordiuary nnsewaged fodder. The milk 
from the sewage -grass -fed cattle was slightly less rich in casein, bol- 
ter, and sugar than that from those fed on nnsewaged grass. 

In an experiment with oats, in which 135.5 gross tons of sewage were 
applied per acre, the gross value of the increased produce amnuntwl 
to more than 10 cents per t-on on the sewage employed; in another 
experiment, in which 510 gross tons of sewage were applied per acre, 
the gross value of the increased produce amounted to 3 cents per ton 
of sewage employed. 

In the immediate vicinity of towns, where garden truck can be con- 
veniently disiK)sed of, truck farming will necessarily be an important 
branch of this special department of irrigation. When, on the other 
hand, the sewage farms are for any reason situated farther away from 
towns, dairy farming and the raising of cattle will become the leading 
branches, the cattle being fed on green forage during the summer and 
on stored roots, such as mangolds, beets, swedes, etc., and rj-e grass 
and corn silage in the winter. Working intelligently on these lines, 
it is believed that a fine profit can be realized from such farming in 
Almost any locality, 

QCAJjrrrY op sewaob to qb applied. 

As to the quantity of sewage which may be applied per acre, the 
«xperiments of the Sewage of Towns Commission indicated varTing 
amounts ranging from 100 to 500 gross tons per acre per annum on 

> Tor liMratare of eosilaRe aa applicable to American ooudltloDs, see Sewage DUpoaal Id tiM 
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lieavy land in wet seasons on ordinary crops to about 9,000 tons per 
acre on grass plots. 

As we have seen, the daily average sewage in this country will 

probably be at least 80 United States gallons per head, giving the 

umual amount of sewage per capita at 97 gross tons. On this basis 

the range of application per acre would vary from the sewage of 5 to 

that of 93 persons. Include some additional sewage which land may 

be expected to clarify without reference to the results of cropping, and 

we may take from 50 to 150 persons per acre per year, though the 

qnality of the soil may be expected to materially influence the result. 

We may x>oint out, however, that with intermittent filtration areas, 

provided by the towns for the purpose of purifying sewage when not 

needed in agriculture, the question of numl)er of inhabitants per acre 

from which the sewage may be utilized has little significance further 

than as a guide in estimating the probable quantity of sewage which 

each farmer may be expected to require in ordinary seasons. For 

completion of our subject we may give in detail the statistics of the 

quantity of sewage utilized on a number of the foreign fanws, drawing 

for our information upon the paper, " Notes on European practice in 

sewage disposal," by Charles S. Swan, M. Am. Soc. C. E., to be found 

in Volume VII of the Journal of the Associated Engineering Societies. 

Prom the tabulations there given it appears that at the Croydon 

Beddington farm, with a gravelly soil, the volume of sewage used in 

broad irrigation may be as great as 3,860 cubic feet per acre per day, 

vhich amounts to an average depth of sewage on the area per annum 

of 32.-3 feet. At Doncaster, with sandy or gravell}^ soils, the average 

application is 395 cubic feet per acre per day, amounting to a total 

depth on the area of 3.31 feet per annum. At Leamington, with a 

soil mostly gravel, the average application is 540 cubic feet per acre 

per day, amounting to a depth of 4.6 feet on the area. 

At the Berlin Malchowfarm, with a heavy soil, the average applica- 
tion ranges from 288 to 346 cubic feet per day, amounting to a total 
depth on the area of from 2.4 to 2.9 feet. On the Berlin Falkenberg 
farm, with a heavy soil, the average application is 483 cubic feet per 
acre per day, amounting to an average depth over the area of 4 feet. 
On the Berlin Osdorf-Grossbeeren farms, with sandy soils, the average 
application is from 016 to 640 cubic feet per acre per day, amounting 
to a total depth for the area of from 5.2 to 5.4 feet. 

At the Paris Gennevilliers irrigation area, with sand and gravelly 
soils, the market gardeners apply about 1,305 cubic feet per acre per 
day, which amounts to 10.9 feet over the area per year. On this point 
attention is called to the account of irrigation at Gennevilliers on 
pages 93-98. In filtration without cultivation, as carried on at Gen- 
nevilliers, 3,616 cubic feet per acre per day, or a total depth of 30.3 
feet per annum over the area, have been applied. The maximum limit 
at Paris with sandy and gravelly soils was formerly 3,915 cubic feet 



P«rMniwrd^,irtiklbam)nntetoS3.8 feet depth over tbe area, bnt i 
dnxinff the last tew jmn erea lazger qaaotities have beeu applied. I 
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n te fnQDei^ laiaed m to the temperature limit at which 
flwpuiflMtionof MwaBa by eith«r broad irrigation or intermitteia 
AUmtton OMI tw oanied on, and widely varying opinions have beeB 
eipriMMd. The lact few yews, however, have fumished a consid<9» 
able anurant irf data <m tUa point, 'which enable one to form moi* 
deftsHeO^nicna than were poaeible formerly. If one takes a map of 
Hw United States mi whlok the mean vintej- temperatures at the 
prlnetpal dtlea axe laid down, it will be seen that the curve of 3i' 
mean January temperatme (Jannacy is taken as being tlie coldMt 
MOnth) passes between Kew Ycvk mod Philadelphia, just south of 
Ootambas and IndtwiiapoHil and BL Louis, and just north of Ciociit- 
wriL U also passes to the aooth ot Dodge City, Kansas, and to tlu 
■ortkof CMdahonn; paasessonth of Santa Fe, Xew Mexico, and tbenee 
li throng the State of 2fcvada and a little to the weet et 
he onrre paaeeB about through the middle of th» 
State at Waafaliigton. It nuqr be assumed without discussion that at 
aU points aonth aod west of this line the temperature difGcultj' will 
nsvar appear In ooaneefeloa wltii sewage puriAcation by the laud 



To the north of the line, howeTer, we may dehne a strip of coiutry 
the northern limit of whitdi is between Boston and Portland, and to 
the north of Albany and Oswego, Hoehester, Buffalo, Detroit, Grand 
Haven, Chicago, Keokuk, Dodge Citi,-, Denver, and Salt Lake City, 
within which limits, with proper management, sewage purification l»j 
the land process may be carried on in ivinter without serious difficulty- 
In the portion of the United States uoi-th of this latter limit, probably, 
special appliances would be needed for a successful winter purifics- 
tion. These conclusions are based upon a study of sewage as received 
at purification works in winter in coDi[){trison with soil t«mperatiiie> 
at various deptlis, as kept at a numbt-r of sewage farms, as weli aeit 
the agricultural experiment stations in this and other countries. 

Our first important fact is that the mean temperature of sewage is 
much higher than that of the air. At I-awrence, in January, 1888, the 
mean temperature in the main sewer was 4G.5° F. The mean tem- 
perature of the air in January was 15.46" F. In 1889 the mean 
temperature in the main sewer was iS.^" in January, while th* 
mean temperature of the air was 31.40-\ Similar differeuces of tem- 
perature as between the sewage and tlu> ai r are found to exist in other 
places. This considerable difference between the temperature of the 
sewage and of the air is sufficient to not only prevent the sewage tnM 
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reezmg readily, but to keep the ground itself open and free from 
rost. In regions of large snowfall the sewage passes under the snow, 
orming a crust of ice on the under side, and the irrigation goes on 
hrough the unfrozen soil the same as when snow and low temperature 
re absent. The difference in the degree of purification attained has 
beady been discussed in the foregoing pages. 

As to how the sewage retains sufficient heat to prevent freezing of 
lie ground, we have to consider that water not only parts with its 
itent heat very slowly, but even after the freezing temperature of 32® 
\ is reached every pound of water still contains 142 heat units, which 
lost be entirely withdrawn before a given pound of water can become 
rocen solid. Another reason why a body of water which is continu- 
ity receiving accessions of water at considerably higher temperature 
han the mean of the body will freeze with great slowness may be found 
n oonsidering that after the formation of an ice cover the loss of heat 
lom the water is still further retarded by the condition that it can 
hen take place only by conduction through the ice cover, which has 
\ low rate of conductivity, thus leading to still further retardation in 
he process of loss. 

The quality of the material of which filter areas are formed wiU, 
lowever, infiuence somewhat the rate of loss of heat in cold weather, 
iooording to the classical experiments of Schubler on the physical 
properties of soil, it appears that the relative power of retaining heat 
aries greatly in different soils. According to his experiments, lime 
ind required three hours and thirty means to cool from 145° to 70® 
'.; clay loam cooled between the same limits in two hours and thirty 
linutes; heavy clay in two hours and twenty-four minutes; pure 
ray clay in two hours and nineteen minutes; garden soil in two 
ours and sixteen minutes; humus in one hour and forty-three min- 
tes, while water required thirty hours and seven minutes in cooling 
■om 145® to 70® F. The conditions were the same for all of these 
materials. 

Schubler's experiments also show that black soils retain their heat 
Btter than those which are white and light colored, and that this 
roperty resides almost wholly in the surface. A i)ractical applica- 
on of this fact may be made by constructing the broad surface of 
rtificially prepared filtration areas of dark-colored sands or gravels. 

Temperature observations as made at the Berlin sewage farms 
low that the mean of the soil temperatures there is considerably 
bove that of the air. The same fact has been, generally speaking, 
rought out by an extensive series of soil temperatures taken at the 
arious agricultural experiment stations in this country, although 
lere are exceptions, which, however, do not invalidate the general 
reposition. 

Without presenting the full information upon which these deduc- 
ons are based, we may say that generally at a locality with a mean 

irr3 5 
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air temperature for the coldest winter months not lower than about 
20° to 25° F., and with sewage distributed to a purification area hi » 
temperature not lower than about 45° F., purification by the hni 
process may be effected without serious interruption from front, the 
wiiit>er purification beinj;, a» already pointed out, less than th^t real- 
ized in summer. If the mean winter temperature falls for auy con- 
slderable length of time much below 20° to 25" F., tht-re will probably 
be trouble from frost. By reason, however, of the facility with wliid 
the level embanked areas of the filtration process may be operatt^tl u 
continuous flltere during extreme cold weather, it is probable thai tli« 
filtration process, pure and simple, may be operated at » sompwtut 
lower temperature than the broad irrigatiou process. As a safe limit. 
the lowest mean air temperature for filtration may be set at from U' 
to 20" F. 

The foregoing statements as to practicable mean winter temiwiia- 
tures are to be considered, however, in relation to the (quality mni 
temperature of the soil used. Before deciding as to just what am he 
reasonably expected in a given locality, therefore, one should have a! 
hand a statement of the physical properties of the soil as well as the 
mean temperatures of the coldest months. As repeatedly pointed out, 
sandy soils are preferable for both irrigation and intermittent filtra- 
tion. As regards temperature, this preference arises not only an 
account of their open texture, but because they possess greater capac- 
ity for heat. The great desideratum of successful sewage purificaliou 
in winter is a medium whioh will prolong the time of congelation. It 
is considered that sand answers to this requirement better than anf 
other material.' 

COST OF LABOR ON 8EWAOS FARMS. 

When examining a number of the best^managed sewage farms of 
England in the fall of 1894, the author was much surprised to lean 
that, generally speaking, somewhat higher wages are paid on sewage 
farms than on farms of the same character in the immediate neigh- 
borhood, and one reason why he is now of the opinion that sewage 
farming may be made commercially pi-ofitable in the United States is 
derived from the considemtion that the wages actually paid for labor 
on many of the English farms are quite as high or even higher than 
the present rate of wages for farm labor in many partA of this 
country. 

As regards a comparison, therefore, between the English sewage 
farms and American conditions, the frequently ui'Sed objection that 
we could not afford tbe large amount of labor required here certain^ 
has no weight. In order to present this phase of the question in 

■The reader wlsliiiiti to go aiteaBivel}- Into the rein tlooe of temjienttDre t« winter pnrUcaUl 
should oannlt ClupCer XVTI oT SewiKO Dla[Mi«&l In the United Stataa, on " The tampsnton d 
the >]r and of natnrkl eotls. >ad Ita relation to gem^ puriScation hy liroad Inlgatian uA 
tattnalttaat mtiMloa," where an eitcoded dlecoaalim mar be found. 
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some detail, the author is enabled, through the kindness of Mr. S. S. 
Piatt, Assoc. Mem. Inst. C. E. , borough engineer at Rochdale, England, 
to include the following statements as to the actual prices paid dur- 
ing 1895 at a number of the English sewage farms. This information 
was gathered by Mr. Piatt directly from the managers of the several 
farms : 

At Birmingham, with an area of 1,300 acres, 222 men, 14 women, 
and 22 children were employed as an average during the year 1895. 
The men received 21s. per week, the w^omen 10s., and the children 8s. 
On similar farms worked by ordinary methods in the neighborhood 
men received, in 1895, 16s. per week, women 9s., and children 6s. 

At the Burton-on-Trent farm, with an area of 575 acres, the force 
employed consists of 4 wagoners, at 20s. each per week; 3 cow men 
and a shepherd, 19s. per week; 24 ordinary'- laborera, at 17s. per week, 
and 7 laborers attending to the sewage distribution, at 23s. per week; 
2 foremen, at 30s. per week, one of them being furnished with a horse 
in addition; 1 weigh clerk, at 20s. per week; 2 men with steam culti- 
vator, 1 at 27s. 6d. per week and 1 at 21s. per week. Four boys are 
also employed, 1 at 4s. per week, 2 at 7s. per week, and 1 at 9s. per 
week. 

At the Crewe sewage farm, with an area of 269 acres, the average 
labor consists of 20 men, receiving from 148. to 2l8. each per week. On 
ordinary farms in the neighborhood of Crewe common labor receives 
from 148. to 16s. per week. 

At Croydon, with a total area of the two farms of 630 acres, the 
labor employed is as follows: One man at 328. per week, 1 at 308., 1 
at 27s., 2 at 26s., 2 at 25s., 12 at 24s., 2 at 23s., 1 at 228. 6d., 8 at 21s., 
5 at 208., 1 at 19s. 6d., 18 at 18s., 3 at 17s., 4 at 16s., 2 at 15s., 2 at 14s., 
and 1 at 13s. 6d. The total number of men employed at Croydon 
is found to be 68, and the average weekly wage is 198. lOd. per week. 
On ordinary farms in that vicinity the wages of common laborers 
range from 18s. to 20s. per week. Carters receive 23s. per week. 

At West Derby, with an area of 207 acres farmed, the labor varies 
from 22 to 40 men, according to the season, the wages paid ranging 
from 10s. to 248. i)er week. On ordinary farms in the vicinity about 
the same rates are paid. The head foreman receives 30s. per week, 
together with free use of a cottage, garden, and coal. Six of the 
regular farm hands are also furnished with cottages and garden free. 

At Northampton the total area farmed amounts to 088 acres, the 
labor including about 50 men, 25 women, and 12 boys. The wages 
paid are from 15s. to 188. per week for the men, 10s. for the women, 
and from 5s. to lOs. for the boys. On ordinary farms in the neigh- 
borhood the wages range about Is. per week less. 

At Nottingham the total area farmed amounts to 908 acres, requir- 
ing from 40 to 50 men and from 15 to 20 boys. The men receive from 
l'^. to 17s. per week wages, and are also furnished with good houses 
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"anti large garden, rent fr«e. Manare and seed putatoes are also (w 
Oished free. The boys receive from is. to lOs. each per weeic, Oi 
, ordinary farms in the neighborhood men receive 128. to I5s. perweck, 
' without house and garden, and boys about Is. less per week than od 
I the sewage farm. On tbe sewage farm all the men employed are paid 
extra for overtime and are allowed harvest piecework at the saou 
rate per acre as strangers who are not found hooses. 

At Oxford the total area farmed is 370 acres; tbe amount of labor 

' fiuctiiat<es from 15 to 30 men, according to the season, together mtht 

women and i boys. The men receive from I3b. to Ids. per week, 

- women titt. per week, and boys from 38. to 6b. per week. On ordin&iy 

farms in the neighborhood men receive from lis. to 12s. per week and 

women 6s. per week. 

At Timbridge Wells, on the north farm, consisting of Ifll acre*, 1 

' man is iMnployed flowing sewage at £1 per week and cottage, 5 Ub'|^ 

era at IiJs. and cottage, 1 laborer at 10s. per week without coitagt, 

and 1 iKiy at 10s. per week. On the south farm, which consists of 

f 19!) aci-ea, 1 man is employed flowing sewage at £1 3s. and lid. per 

m week and cottage, 4 laborers at 16s. 6d. per week and oottag«, 1 

M laborer at \'Js. per week without cottage, 3 at 15s. per week without 

It cottage, and 1 boy at As. per week. 

J At Warwick, with an area of 134 acres, lOmenareemployedatlfiS- 
f per week and cottage. On ordinary farms in the vicinity the laborert 
receive from lOs. to 13s. per week. 

At Wimbledon, with an area of 70 acres, the labor varies from 3 to 
8 or 10 men, depending upon the season. The price of labor ranges 
from 2l8, to 308, per week, at which prices it is stated that the verybfflt 
men of the vicinity ;iro filif atned. The amount expended in wages on 
this farm 'luring' Uw y.'ur ending' Mareli 31, ISW, was £63!' 3s. 2d, 

At Wolvtichjiuiplou, with an area of tiUU aereti, the labor amounUU 
about 22 men and 3 boys, the men receiving from 18b. to SOa. per week, 
and the boys Gs. Laborers on ordinary farms in the vicinity reoeive 
about the same price. 

Relative to the cost of management on a number of the leading 
English sewage farms, we may refer to a return showing the Balaries 
and emolamenta of sewage-farm managers, etc., as contributed by 
Joseph Gordon, Mem. Inst. C. E., borough engineer at Lester, which 
may be found in Volume XV of the Proceedings of the Association of 
Municipal and Sanitary Engineers and Surveyors. From this return 
it appears that at Birmingham tbe management of the farm is in tbe 
hands of a general manager or superintendent, who receives a salary 
of £350, with use of horse and wagon. At Burton-on-Trent the mana- 
ger receives a salary of £150 per annnm; at Crewe, a salary of £160 
per annnm. At Croydon the manager of the Beddington farm receives 
£220, with bouse and gas provided. The manager of the Croydon No^ 
wood /arm receives a salary of £156. At Northampton the mauagei 
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«ceive8 a salary of £250, and is furnished in addition thereto with 
LOUse and garden and horse and wagon. 

At Nottingham the management is in the hands of the farm bailiff, 
rbo receives a salary of £300 per annum. 

At Tunbridge Wells there are two farm bailiffs, who each receive a 
lalary of £120 per annum with house and garden and the produce of 
I cow. 

At Warwick the farm is managed by a superintendent, under the 
lirection of a committee, who is paid £120 per annum. 

At Berlin, as stated by Mr. Roechling in his paper on "The sewage 
!arms of Berlin," which may be found in Volume CIX of the Proceed- 
ngsof the Institution of Civil Engineens, the labor of the sewage farms 
s largely performed by misdemeanants; that is, by men sent for various 
minor offenses to the city house of correction. In 1890 the total num- 
ber of misdemeanants employed on the Berlin sewage farms amounted 
to 737, their labor costing the sewage farm about 13 cents each per day. 
Besides this number of misdemeanants a large number of free laborers 
were employed on the farms at an average price of about 40 cents per 
day. By observation it has been concluded that the work performed 
by two free laborers at this price is fully equivalent to that of seven of 
the misdemeanants. At this rate it is clear that from a pecuniary point 
of view there is no saving to the farm management from the employ- 
ment of the misdemeanants, as, at the rates mentioned, the labor done 
by misdemeanants at a cost of 91 cents per day is performed by free 
laborers at a cost of 80 cents per day. There is, however, a decided 
advantage to the administration of the house of correction, which is 
also owned and managed, as well as the sewage farm, by the city 
authorities. As a matter of philanthropy Mr. Roechling says the 
employment of the misdemeanants may be also highly commended, 
as it gives the men a chance to acquire regular habits while undergo- 
ing their punishment. 

In considering the significance of the price of labor paid in England 
and in Germany in its application to American conditions, it must be 
Wmembered that in England the price of the ordinary crop sent to 
market from the sewage farms will compare with the prices prevail- 
ing in the United States very much in the same way and in the same 
fatio as that which obtains between the price of labor in the two 
^untries. In Germany, on the contrary, where labor is considerably 
ower, the prices of produce are also lower, all of which must be taken 
^to account in drawing conclusions as to the possibilities of establish- 
^g sewage farms here. In France the price of labor does not vary 
r^eatly from the price in Germany. 

SANITARY CONDITION OF SEWAGE FARMS. 

There has been much discussion at various times as to the sanitary 
ondition of sewage farms, and formerly much apprehension was 
(pressed as to the possibility of contaminating not only the well 
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w&tWB of the surrounding areas, but also the atmosphere in the viciH' 
ity. Ab to the contamination of well waters, the development o(» 
clear underBtanding of the actual facts in regard to nitrification has 
gone a long way toward i-elegating this particular objection to aevAge 
farming to the region ot exploded objectionB, which, as we have seen, 
is DOW occupied by a large array of the arguments of the oppiwitioD 
as advanced from twenty to twenty-five years ago. At the Bertio 
sewage farm the effluent is so pure that it can be admitted into au; 
water course, and can not be distinguished by the senses from ihe 
clearest spring water. 

In order to obtain information as to the extent to which sewage 
farming may affect the health of the inhabitants of the farms. Ibe 
Berlin authorities have established a system of registration of all CHxra 
of sickness and death. The following facts bearing upon the »anitar7 
condition of the farm are derived from Mr. Roechling's paper already 
referred to. The average annual population to which the figures 
apply was, during the five years from 1885 to 1889, 1,580, of which m 
were men, 285 were women, and 327 were children under 15 ywi« 
of age. The 958 adult male population included 850 misdemeananU, 
who were probably impoverished in health by irregular habit« of life. 
I The records show that the death rate per 1,000 from all caasea wu 
i; 11.24 in 1885, 9.22 in 1880, 14.83 in 1887, 6.79 in 1888, and only 4.81 in 
'■ 1889. Of the total deaths, 16 per cent were men, El per csent women, 
and 75 per cent children, the mean rate of the whole five-year period 
being 9.75. The death rate from the seven principal zymotic diseases, 
smallpox, scarlet fever, diphtheria, typhoid fever, measles, whooping 
cough, and diarrhea, was 4.32 in 1885, 3.69 in 188C, 4.15 in 1887, 1.13 
in 1888, and nothing in 1889, the mean rate during the period from 
these causes being 2.63. The period covered by these statistics is, <i 
course, too short for definite conclusions to be drawn, although it may 
be stated that the same low rates have continued until the present 
time. If, however, statistics mean anything, they indicat« cle^y 
that the conditions of this farm are not in any degree unhealthfnl 
It may also l>e stated that drinking water for use on the farms i> 
obtained by wells sunk at the points where water is required. WilJ 
one exception there has been thus far no indication of any trouMe 
with these wells. The reports also show that the sewage farms do not 
exert any detrimental effect upon the health of cattle kept upon them 
or on the adjoining farms. At Berlin it is even said that the small 
sickneHS which has occurred amontr the cnttle hns been impnrt^Ml. 

The question of the sanitary conditions of sewage farms was exam- 
ined at length by a committee appointed by the Royal Agricultural 
Society in the sewage-farm competition of 1879, to which we have 
referred. This committee concluded that sewage farming is not in 
any degree detrimental to life or health. Statistics presented by il 
diow that the rate of mortality, on an average, for the number of yean 
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lutihe farms considered had been in operation does not exceed 3 per 
mat per annum, the result comparing favorably with that obtained 
nmewhat more recently at Berlin. 

We are obliged to conclude, therefore, that properly managed sew- 
ige fkrms are not detrimental to health.^ 



NUMBER OF BAOTERIA IN SEWAGE-FARM EFFLUENTS. 

By way of showing the degree of bacterial purification effected by 
lewage farms we may refer to the following observations made 
jy Prof. E. Ray Lankester on the sewage and effluent of the Oxford 
lewage farm, England, and the water of the Oxford River, into which 
be effluent from this farm discharges. These observations were made 
hh the given dates in the summer of 1892.^ 

Tomparison of number of bcuiteria in seuuge ami in rifrr near Oxford, England, 



Sample from— 



Sewage 

Effloeiit. -. 

Bireraboveefflnent. 
Biyerbdoweffluent. 



Bacteria per cubir, rontlmetor. 



Jnne 27. 



July 21. 



648.000 

42.000 

1,020 

900 



July 38. July 21*. 



Septem- 
ber 11. 



12,000,000:1,688,0001,688.000 



20, TjOO; 60, 000 



4,700 
11,000 



14, 300 
24,900 



60.500 
24. 300 
24,900 



October 6. 



528,0002,486,000 



27,000 
1.800 
9,072 



27,000 

2.000 

14,580 



Professor Lankester states that the most important fact brought out 
by these studies was that the species of bacteria which belong charac- 
beristically to sewage {B. coli communis^ etc.) were not found in the 
Mwage, but only fluviatile si)ecie8. He further states that it may be 
isserted in a general way that the effluent contains no more bacteria, 
DOT other kinds of bacteria, than are to be found in other streams 
draining from agricultural lands in the neighborhood. 

SEWAGE FARMING IN ENGLAND. 

Having taken a rapid review of the general subject of sewage irriga- 
tion, it is now in order to briefly describe a few of the more notable 
examples of sewage farming abroad and in this country. First may 
be considered the English farms, and then, briefly, those of Germany 
and France. Five examples are given from England typical of pre- 
vailing conditions, these being the Croydon Beddington farm and the 
Leamington, Birmingham, Wimbledon, and Doncaster farms. There 

'Bee paper by Dr. Alfred Carpent^^r, of CTroydon, read before the British Medical Aflsociation 
b UK. Dr. Carpenter lived for many years in the immediate vicinity of the Croydon Bedding- 

^flarm. 
'Statement by Prof. E. Bay Lankester to the Royal Commission on Metropolitan Water Snp- 

^, Appendix C, 6L 
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are probably more sewage-purification works in England than in any |^ 
other country, but they all present merely variations in details. 

In i*egard to the present views of English engineers, sanitariana, 
and sewage-farm managers, it may l>e stat-ed that the consensus ot 
opinion, as it appeared to the author in 181»4, was decidedly in favor 
of the land i>urification process. If for any reason it is necessar}' tliat 
the efflu(;nt from sewage-purification works should pass into a stream 
which is the source of a water supply, the further consensus of 
opinion appeared to l)e that it should, before receiving the land treat- 
ment, be clarified to the extent of removing all of the suspended aod 
a small portion of the dissolved matter by some of the more inex- 
pensive chemical processes. The same views, it is believed, are now 
held in the United States by many competent engineers, althou^ - 
the effluents from high-grade intermittent filtration areas are ate 
unobjectionable. 

CROVDON-BEDDINGTON FARM. 

Croydon Borough is a suburb of London, with a stated total popu- 
lation of about 115,000 to 120,000, the daily fiow of sewage amounting 
to an average of 4,500,000 gallons. In addition to the Beddingtfli ( 
irrigation farm the borough has another farm at Norwood. The 
at Nor>\'ood is stated at 105 acres and that at Beddington 526 
making a total area of G30 acres, of which about 525 acres are 
ally under cultivation. Inasmuch as the Beddington farm is the 
interesting of the two, we ^^'ill confine our deserix^tion entirely to it 
At Boddingtou 425 ucres are in irrigation, tlie balance of 100 acns 
being occupied by tlic farm buildings, cottages, roads, and the gronnd 
too high to ])e reaeho<l by tlic sewage, which is delivered ujmn the&n& 
by gravity. The buildings upon the Heddingtou farm include 4 fkrm- 
houses, superintendent's residence, and 1 1 eottag(*s. This farm wis 
designed and laid out by tlie eminent p]nglish sanitary engioeer, 
Baldwin Tjatham. When Irrigation first began, in 1S».J(), the original 
area was much less than at present, additions having been madefnuu 
time to time to accommodate the growtli of the town and consequent 
in(*reas(Ml flow of sewag(\ 

A considerable portion of tlie soil is an open, i)orous, l>lack bwini 
from li to 10 indices in depth, witli occasional areas of a light, free, op'n 
soil, but all suitable for irrigation. Tlic subsoil is gravel and sau'l. 
The farm has a gentle slope fnnu east to west averagingfrom 1 inl"''' 
to 1 in l^')^. 'J'he River Wandle flows to the south and west of the 
farm. The first underdrains were laid under a portion of tlie farm 
about fifteen veal's ago. They have been laid wide apart, and insoiiif? 
cases as much as U f(»et in dej)tli; conciuetors vary from 4 inches toi 
feet. The chief value of thcjsc* drains is lliat tlu\v heli> to dry theluu'i 
out (piickly after tlie sewage* is tak(Mi off. 

Tlie slope of the soil of tliis farm is so uniform that about the only 
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reparation required was a slight adjustinent of the surfaoe by rais- 
ng at some places and lowering at others, but so little of this as not 
out through the top soil. The main carriers alon^ the higher por- 
tions of the fanri are usually of concrete about S feet wide, and level 
: nearly level where the ground permits. The secondary carriers 
6 also in soDie cases of conciete. The small distributaries are made 
jrith a plow, a furrow being laid from the secondary carriers down the 
BO of givatest descent and at a distance from each other of from 40 
> 50 feet, in order to flow the sewage over all portions of the area to 
•rigated. Heavy gal van izeil- iron or wooden stoppeis are used at 
mvylng distances down these trenches. For this work, when the field 
Bnndergoing irrigation, a man passes over and places the stops at each 




Fio. 17— Outdoor enailBge of rye gn^ 



point aa needed. On the lower side of each field there is a collecting 
ditch, into which the efHuent water passes. The arrangement of the 
Carm is such that the effluent of the first irrigation is passed over the 
fields a second time, and, when necessary, a thii-d time. In this way 
Verj- efficient purification is attained. The time occupied in pa.ssing 
through three irrigations is stated at from three to four hours. As to 
the loss of water from irrigation, the general statement i,s made that 
about 2 ont of every 3 gallons of sewage passed onto the farm flow off 
aspuriftetl effluent, the third gallon having been either evaporated or 
absorbed by the land or growing crop. 

The principal crops raised are Italian rye grass, pasture, mangolds, 
and other root crops, osiers, cereals, and cabbage. Rye grass, the 
Principal crop, is stated to exhaust itself on this farm in about three 
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years, when it is followed by a crop of mangolds, cabbages, or whetl 
and oats, with a return after that to rj'^e grass. Five or six cuttings j 
of rye grass are grown in a season. Mangolds yield especially wdl 
here. Wheat and oats are grown chiefly for the straw. Enough 
horses are kept for working the farm. About 200 milch cows are also 
kept for the purpose of consuming the large quantities of rye graa^ 
and roots grown. 

As to the purification effected at Croydon, no analyses appear to 
have been made in recent years. From a series made after the fara 
had been in operation for about ten years it is concluded that the 
purification attained then was very efficient. 

This farm was visited by the author on October 20, 1894. At that^ 
time of year the main crops had been removed, although fine fields <tf 
cabbage and mangolds were still standing, and a casual glance at them 
indicated the successful results in sewage utilization obtained at this 
farm. The last cutting of rye grass of the season was in progress al 
that date, and in one field an outdoor rye grass ensilage stack was in 
process of making, as illustrated by the photograph, fig. 17. SevenI 
pasture and cut lye-grass fields were under irrigation, the sewage com- 
ing onto the same black and filthy, and absolutely without any pre- 
liminary straining or purification. The first irrigation showed marked 
improvement; the second showed still more improvement, and, finally, 
after the third, the effluent fiowing in the ditches appeared as brighl 
and sparkling as any stream of water fiowing from agricultural lands* 
The fioating matters of the sewage are stated to have never given any 
trouble on this farm. 

Mr. Greenwood, the farm superintendent, stated that 100 acres addi- 
tional had just been purchased, and it was contemplated to purchase 
about 50 acres more in the spring, making the total area of the farm 
when this is done about 075 acres. During the year 1893 the farm is 
stated to have paid £3,000 more than all cost of operation, not includ- 
ing, however, interest on first cost. 

As to the cost of laying out this farm, it may be remarked that by 
reason of the use of concrete carriers and distributaries the fii*sl c*ost 
was higher than would now be considered necessary. At the present 
time the laying out of the farm could be accomplished for somewhat 
less than the actual cost when done thirty-seven or thirty-eight years 
ago. ^ 

There are a number of country honses along the highways leading 
through or at the sides of this farm. The autlior was accompanied 
on his visit by Lieut. Col. Alfred S. Jones, V. C, a well-known English 
sanitarv engineer, whose residence is on the banks of the River 



' Thi** is not intended as in any dcjfree a nritioism on tho work of Mr. Latham. In 18o8-l.M8H. wb«n 

this fami was laid out. wo hati much less knowledge derived from exi^erience in sewage irrig«tii« 

than at present. Prolwibly tho leading idea was to make jM^rnianent work, and from this i>oint 

of view the work must l>e (considered very successful. Since IHWl we have learned that sowag* 

can be distributed in ordinary e«rth channels equally well, thus not only materially decreasing 

the tirst cost, but rendering it easier to r©a\i7ie a pro^t on ssb^a^^-le^ruo. investinents as well. 
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'andle, near the point where the effluent from the Beddington farm 
ters that stream. In the course of a walk about the farm, a stop 
le macle at the residence of a gentleman whose garden plat of 3 or 
leres is surrounded on three sides by the irrigation fields of this 
nn- As to the question of nuisance, the owner stated that no nui- 
ace had ever been created by the sewage irrigation that he had con- 
lered in any degree objectionable, although there were occasionally 
g;lit smells in warm weather. When the place was first occupied 
him, over twenty years ago, he had rented, but on the expiration 
the lease he had bought the freehold of the property, because it 
ited him, and he had not considered in making such purchase that 
> valne of the property was in any degree injured by the presence 
the sewage farm. He also said that a neighboring cow yard, where 
onsiderable number of cows were kept for the purpose, as already 
ited, of feeding sewage-grown produce, was regularly a source of 
ich more serious effluvium nuisance to the neighborhood than ever 
ne from the farm itself. At the time of the author's visit, in Octo- 
r, absolutely no smeU of any sort could be detected in any part of 
3 irrigated fields. 

rhe statement was made that no difficulty with the irrigation had 
BT been found here in the severest cold weather. Ice forms on the 
r£aoe, but the sewage flows underneath it, sinking away into the 
)iiiid, and the purification still going on, although probably a larger 
3a is required in winter for a given purification than in warm 
lather. As one of the model English sewage farms, the Croydon 
iddington farm has been frequently described.^ 

LEAMINGTON FARM. 

In the Royal Agricultural Society's sewage farm competition, to 
lich reference has already been made, one of the prizes awarded 
18 to the sewage farm at Leamington Springs, which is owned by 
>rd Warwick. This farm was visited by the author on October 25, 
04. 

The borough of Leamington Springs has a stated population of 27,000, 
though there is considerable variation in the population, owing to 
e large number of visitors during the season. The sewage is deliv- 
ed by the borough upon a farm of about 400 acres, owned by the 
%tI of Warwick, at a distance from the borough of about 2 miles. 
lie borough receives £300 per year for the sewage, and its responsi- 
lity ceases when the sewage is delivered at the j)oint agreed upon 
I the farm, which is at an elevation of about 131 feet above the 
imping station. In the agreement it is stipulated that the effluent 
om the farm shall be purified to the satisfaction of the conservancy 
mmission of the River Learn, into which it finally flows. 

See Ciimp*B Sewage Disposal and Rawlinson and Read's Report on Sewage Disposal as made 
» the Local Govemznent Board in 1876. An extended series of analyses of the sewage and 
sent not only ot tbia farm bat of the Croydon Norwood tarm xtiaY 'V^ toxxfidL\K^>^?fiiAt«v^T\» 
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The present flow of sewage iu wet, rainy weather is at>oatWO,i 
gallous per day. In drj' weather it is somewhat lesw. The wwage 
to Iw pumped ouly between Bunrise and sunset, except that iu 
winter months pumping may begin one-half hour before sunrise 
ccmtinuo to one and one-half hours after sunset. In order tu t«i 
care of the flow of acwage during the night a storage taitk is proriilv 
at the pumping station of atxfut 1,250,C<00 gallons capacity, or enoa^ 
to hold more thau one ilay's flow, which i-eceives the night flow ai 
al»> provides for eontiugencies. 

I'lie farm is under the eliarge of Mr. Castle, as farm baililT, kIh 
stated that the farm operations had lieen in every sense commereiallj 
Bin'i-cssfiil. As n matter of bu.siness caution he declined to statuji 
wltal i.niiils liinl Iji'eii I'litained, but intimated that in no/oarwi 




they less than 8 per cent. The crops raised are rye grass, roots. Ml^ 
bages, wheat, oats, and barley, The grains are sowu in rotation fifl<i 
roots and cabbages, and are not themselves irrigated at all, theheavj 
irrigation of the preceding crop of roots being relied upon to support 
the grain crops. About 150 head of cattle, mostly thoi-oughbred short- 
horns, are kept upon the place, and a large amount of milk if sold,' 
this being considered of superior quality. There are jdso about JO 
acres of fruits which are irrigated lightly. The topsoil of the f»rB 
is black and porous, with a gravelly subsoil at from 12 to 15 iuchai 
below the surface. 

One of the most interesting {xtiuts learned on this farm wm ib 
regard to the prooessof ensilage. Mr. Castle stated that they hwlf* 
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)ral years made lye-grass ensilage both in silos aii<l in stacks in 
field and had been entirely successful in both ways. The most of 
ailage is made sweet or without salt, but in onler to make sweet 
je with the best results it is necessary that the silo be filled very 
kly, or if stacked that the stack be completed and weighted 
in one day, before any heating begins. The statement was also 
e that during 1893 a cubic foot was cut out of one of the silos and 
d to weigh 57 pounds, at which rate a cubic yard would weigh 
t poands. 

wage is delivered to the different parts of the farms in a few lines 
ain carriers of vitrified tile, which deliver it at convenient points 
wells provided with gates, from which it flows out Into dlstrib- 




g carriers and from thei-e into the secimdary distributaries laid 
he contours, and is thence floweil over the land by spade gates 
r the usual manner. The standing crops of routs and cabbages 
e very fine and spoke well for the thoroughness of the cultivation, 
rell as the efficiency of sewage irrigation as practiced on this farm, 
t effluent before leaving the farm is passeil over a field of osiers, 
aice it flows into the River Learn bright and sparkhiig. 
"he following details in regard to the croi>piiig at Irfamington have 
Q obtained from the report of the Royal Agricultural Society's 
unittee, made in 1870: 

iye grass is grown both for sale and for home consumption. It is 
allowed to stand longer than two years, and about 35 acres are sown 
li year, usually in the autumn, at the rate of 3 bushels of seed per 
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acre. A crop sown iu September, 1877, vas cat eight times tu W 
and six times in 1879, and then plowed np. In 1878 the cnttingfl 
lye grass commenced on February 2. In 1879 that sown in J«78 wi 
flnt cat April 7. The first cutting yielded 4 tons per acre of gwj 
grass; the second cutting, June 4, yielded 16 tons of grass per sen 
the third cutting, on July 8, 14 tons of grass per acre; the fourt 
ontting, August 14, 8 tons; the fifth cutting, Septemlwr 14, G \oa 
the sixth catting, October 6, 5 tons; and the seventh cutting, i 
November, 2 tons per acre, giving a total yield of 41 tons of grw 
per acre for the year. 
^Hangoldfi are also grown largely on this farm. The seed is drillc'l I 
lows 26 inches apart and the plants are hoed out to 10 inches dbtjuu 
in the rows. The sewage is not applied until the plants iwgiii! 
bulb, when they are Irrigated. In 1878 this crop received 21 drM 
ings of sewage while under cultivation, or 8,36S tons of sewage p 
.)kcre, equivalent to an irrigating depth of 81.8 inches of water i 
43dition to the rainfall. 

Ordinarj' cabbages for market are planted on the level in rowiii 
inches distance and the plants 17 inches apart in the rows. The c^ 
bages are irrigated during the period of growth. In 1878 one field I 
this crop received 17 dressings of sewage, amounting to about 6,11 
tons, equivalent to an irrigating depth of 60.4 inches in addition toll 
rainfall. Parsnips are grown on the level, 6 pounds of seed perscK 
drilled in rows 14 inches apart and hoed out 6 inches in the row. Ti 
crop is not irrigated, but usually succeeds cabbage or second-year i] 
grass which has been sewaged. 

Carrots are drilled in rows on the level at 14 inches distance aailu 
hoed out to from 4 to 6 inches in the rows. Six pounds of seed pi 
acre are sown. The crop is not directly irrigated with sewage, bo 
like parsnips, succeeds, either directly or aft«r a second year, a en 
that has been heavily dressed with sewage. 

Potatoes are planted in drills 24 to 2ii inches apart and 13 iaohl 
from plant to plant in the rows. They nsually succeed rye gia 
which has been cut the full number of cuttings the previous yea 
Potatoes are not directly sewaged during the period of their growtl 
Rhubarb is one of the permanent crops at Leamington, aswellasela 
where. It costs about £50 per acre to purchase roots, prepare tt 
ground, and plant out, and the crop is stated to realize about £40p( 
acre per year. The plants are irrigated with sewage during the ])eria 
of growth. 

A largo acreage of wheat is grown on the farm, but as a rule nn 
under the influence of sewage. Generally the* wheat follows soml 
crop which has been heii\ily eewaged. A considerable quantity o 
oats is raised, and they generally yield well. This crop, like wheat, 
is not directly irrigated, but usually succeeds rye grass. Barley ii 
also grown, but not with direct sewage irrigation, following, thesami 
as the others, crops which have 'beeiit.ea.'jW^ irrigated. 
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Large quantities of beans are grown as part of the miscellaneous 
roduetion, and which are not directly irrigated with sewage. They 
anally follow some root crop or cabbage. 

Turnips and swedes are also groMTi on this farm. Green crop tur- 
ips are sown broadcast, about 3 pounds per acre, and are fed off on 
le ground to sheep. The swedes are drilled IG inches apart and 
oed out to 9 inches in the rows; 2 pounds of seed are drilled per acre, 
dwage is used for irrigating this crop to a moderate extent. Turnips 
nd swedes usually follow either wheat, ])arley, or oats, although 
xsasionally turnips are cultivated after rj'c grass. 

Seeds, such as clover, trefoil, and alsike, are also grown to some 
ctent. Clover is occasionally irrigated in dry seasons with moderate 
ressings of sewage. Generally, however, the seed crops are not irri- 
itted.' 

BIRMINGHAM PRECIPITATION WORKS AND FARM. 

The sewage-purification works at Birmingham present some points 
F difference from those at the two English towns already considered. 
has Croydon and Leamington Springs are both residence towns 
orely, with a sewage consisting of ordinary house drainage without 
ny manufacturing waste, whereas at Birmingham we have the sewage 
t a large residential area as well as that of one of the most extensive 
lanufacturing districts in England. 

The natural drainage of this district is into the River Tame, a small 
feream tributary to the Trent. At an early i)eriod the passage into 
hese streams of large quantities of manufacturing refuse forced upon 
he Birmingham corporation the necessity of considering some form 
«f sewage purification. In 1871 a special sewerage inquiry commit- 
ee of the Birmingham common council reported at length as to the 
lest means of treating the Birmingham sewage in order to prevent 
he serious pollution of the River Tame and its numerous small tribu- 
aries, which at that time threatened the corporation with damage 
nits on every hand. This report is specially referred to because of 
he thoroughness with which the inquiry was made by the committee. 
!t is included in a volume of nearly 250 pages, and gives in succinct 
'orm a resume of the whole question of sewage purification as it stood 
hi that time. The committee recommended the exclusion of manu- 
!acturing wastes from the sewers and the purification of the sewage 
tself by intermittent filtration through the land. Subsequently the 
eport of the committee was somewhat modified; the manufacturing 
rastes were allowed to go into the sewers, and a crude chemical pi'e- 
dpitation treatment, to be followed by broad irrigation, was carried 
rat. 

'Fnrthar details of the Leamington farm may be found in the report of the Royal Agricnl' 
mml 8ociet7*8 committee already referred to. Extended extracts hare been made from this 
sport beoanse of the statement made by Mr. Castle that there has been no material change in 
lie management of the farm at Leamington since that report was made In IHTQ. 
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Following on this line, the corporation applied to the Local Gc 
ment Board, under the public health act of 1875, for an order tc 
a nnmber of detached urban and rural sanitary districts into a i 
district for the purpose of sewage disposal. The total area < 
drainage district, as now constituted, is 47,275 acres, with a i 
population in 1894 of from 700,000 to 800,000. 




Fig. 20.— Plan of Birmingham Tame and Rea drainage district. 

Beginning in 1880, the joint board of the Birmingham Tame am 
Drainage District began the purchase of land for a sewage farm 
have gradually acquired, up to 1894, an area of 1,300 acres avai 
for sewage disposal. Some of this land has been rented at th( 
of £4 per annum per acre, while the cost of that of which the 
hold has been purchased outright, including timber, buildings 
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ighte, tenantB' compensation, etc., has amounted to £152 per acre, 
ks stated by Mr. W. S. Till, city engineer of Birmingham, all this 
tnd is very favorable for the purification of sewage, the natural sur- 
aoe being, as a rule, even and unbroken and, with the exception of 
kboot 100 acres, of such a level as to admit of irrigating the entire 
area by gravitation. The subsoil is gravel and sand, varying from 6 
o 10 feet in depth. The land is drained to a minimum depth of 4.5 
eet, but in many cases, owing to the level nature of the area, a some- 
what greater depth has been found necessary at the lower end of the 
liains. The drains consist of 3-inch and 4-inch agricultural drain 
>ipes placed from about 45 to 65 feet apart and discharging into 
ierra-cotta main drains of 9-inch, 12-inch, 15-inch, and 18-inch diame- 
ier, which in turn discharge into the main outfall channels. Roads 
12 feet wide, with passing places at intervals, have been laid out in 
irder to meet the various requirements of cultivation, as well as for 
Ae conveyance of produce. Farm buildings have been erected in a 
sentral position, with entrance lodge, manager's house, and a number 
>f laborers' cottages. Several of the farm buildings and houses exist- 
Jig upon the area have been repaired and extended. 

The method of treating the sewage as now carried on is described by 
Ur. Till substantially as follows: The sewage on arriving near the 
liming sheds at the upper end of the works is mixed with lime, both 
tM neutralize the acids, which are present to an unusual extent in 
Birmingham sewage by reason of the large amount of iron manufac- 
turing, and also to assist precipitation, which, however, is stated to be 
not necessary to so great an extent now as formerly. 

The sewage then passes through large roughing tanks, where the 
Qoarser impurities are precipitated, whence it passes by the main con- 
Suit to the irrigation area, where it is further treated by ordinary irri- 
gation on crops. In order to remove the sludge the precipitating tanks 
are cut out in regular order and the sludge is elevated by bucket dredges 
aud pumps into movable wooden carriers, in which it flows into beds 
lonned in the land in the vicinity of the precipitation plant. As it 
Domes from the tanks the sludge contains about 90 per cent of water, 
but after lying on the ground for two weeks much of this water drains 
away or is evaporated, leaving the sludge in a layer about 10 inches 
Uiiek and of a consistency which admits of its being dug into land. 
Crops are then planted on the sludge beds, and after a time the sludge 
becomes pulverized and capable of receiving irrigation. About 50 
Bcres of land per year are required for sludge, and the same land may, 
tt necessary, receive a coating of sludge once in two or three years. 
Jhe amount of sewage now regularly treated is about 22,000,000 gal- 
lons per day. The controlling board farms the whole of the land itself, 
ito portion being sublet. 

The Birmingham sewage farm was visited by the author on October 
V| 1894, and some facts were obtained in addition to those stated^ whuibi 
IBB 3 6 
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are derived from a x>aper on the work of the Birmingham Tame and ; 
Rea District Drainage Board, by W. S. Till, C. E., engineer to the i 
board, kindly furnished to the author by Mr. Till at the time of his ] 
visit. As one fact of interest, it may be mentioned that the men doing I 
the work of digging the sludge into the land work in gangs and are I 
paid by the cubic yard of sludge actually removed from the tank and j 
dug into the land. Working in this way, they make from 28 to 90 ; 
shillings each per week. The cost of labor at Birmingham and vicin- 
ity has already been given on page 67. 

According to a statement of the assistant farm manager, Mr. Heniy 
Bumble, the land receiving sludge is now allowed to remain fallow 
until after the following winter, when it is plowed and put into rye 
grass, to be followed by cabbage, and finally, after about four yean^ 
celery is grown upon the land which has received sludge. The oeleiy 
BO grown is of fine quality; that seen growing and in process of gath- 
ering was the largest and finest celery the author has ever seen. The 
statement was also made that the celery from the Birmingham sewage 
farm brought a slightly higher price than that of the ordinary market 
gardens of the vicinity, by reason of its superior quality. In additki 
to rye grass, cabbage, and celery, crops of mangolds, swedes, koU* 
rabi, green-top turnips, potatoes, and roots of various kinds are laiaed. 
Large amounts of milk are sold, as well as beef cattle and swlai 
At the date of the author's visit a fine herd of 180 swine was obserfid 
on the farm. 

The sewage farm itself is conducted on lines similar to thosfr lii* 
lowed on farms previously visited, and little need be said in rnlstiw 
thereto. The precipitation tanks work on the continuous priiidjieb 
and are arranged in the usual manner for cutting out in oidartiD 
remove the sludge. At present about 1,120 pounds of lime are 
per 1,000,000 gallons of sewage treated. Taking 22,000,000 
as the mean daily flow, we have then a total daily use of limeef 
about 24,600 pounds. 

WIMBLEDON PURIFICATION WORKS AND FARM. 

At Wimbledon we have still another interesting case of sewage 
purification, which differs in several particulars from those thus far 
described. This place is a residential suburb of London, situated 
only about 5 miles southwest of Westminster Abbey. The populaticm 
is estimated at 26,000. The dry-weather flow of sewage amounts to 
about 780,000 gallons per day. The average wet-weather flow, which 
includes a considerable amount of storm water, is stated as about 50 
per cent greater. The soil about Wimbledon consists of a heavy 
clay, on which it is impracticable to purify crude sewage by the 
ordinary methods of land treatment, especially in a dense residential 
district where only a limited area in a single body can be found. It 
became necessary, therefore, to treat the sewage by a crude process 
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of chemical precipitation or clarification before applying it to land 
En Older to bring the whole treatment within the limits of the avail- 
able area. The farm consiBts of 70 acres, of which HT are irr^ated. 

The works have been designed with reference to first applying 
the treatment with lime or other chemicals, to be followed by broad 
inigfttion. Detail as to the chemical part of the treatment may be 
I by reference to Mr. Crimp's Sewage Disposal, from which 
:, as well as the repoi-ta of the Wimbledon local board, the main 
B of this paper, aside from thoso gathered by the author on 
K visit to the f ann in question on October 22, 1894, have been taken. 
An interesting feature of the works at Wimbledon is the disposal of 
the sladge, which is substautially as follows : From the settling tanks 




Flo. SI.— Pile of preaeed Blad^B at Wlmbledoo. 

the sladge is swept, when necessary, into a uludge reservoir, whence it 
gravitates as desired intc iron ri'ceivem. T.ime is then thoroughly 
mixed with it and air pressure applied tu the surface of the sludge, 
which is thus forced up through an iron pi-essure pipe into filter 
{wessea. The original filter presses employed were made by Johnson, 
bat Mr. Crimp states that two of (ioddard, Maasey A Warner's now 
In use, of recent construction, possess improvements in detail over 
the original presses. As to the labor of sludge pressing, it is stated 
Qiatthe working expense at Wimbledon amounts to about 59 cents 
per ton of sludge pressed. It should be said that while two men 
ire constantly employed at the work, they could easily press much 
Btoie sludge if it were there to press. The cost of this item of work 
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may be expected, therefore, to decrease as the production of sludge 
increases. 

The sludge is pressed into cakes and is stated to be readily sold at 
the works for about Is. a ton. * Ten tons of sludge as taken from the 
settling tanks is reduced to 2 tons of cake, 8 tons of water being 
pressed out. The total quantity of sludge produced in the year 1892 
was 5,430 tons, while the total quantity in 1893 was 5,344 tons. It 
will be seen, therefore, that during those two years the flow of sewage 
must have been substantially the same. The 6 precipitating tanks in 
use have a total capacity of 530,000 gallons. 

A statement of the annual receipts and expenditures in connection 
with the sewage farm from 1883 to 1893, inclusive, as derived from 
the annual reports of the Wimbledon local board, shows that, even 
with the difficult conditions for successful utilization prevailing at 
Wimbledon, the sewage farm has paid a small profit every year since 
it was started, except in 1892, which is said to have been a specially 
unfavorable year. 

The crops grown are rye grass, mangolds, osier, and garden produce. 
The great decrease in the number of cows kept in and about London 
has reduced the amount obtained at present for rye grass to a much 
less figure than formerly. One of the most interesting points to be 
noted is the great number of good residences located near the farm. 
According to the statement of Mr. J. Snook, the farm manager, no com- 
plaints have been made by the adjacent residents for several years. 

The effluent from the precipitation tanks is fairly clear, while the 
final effluent from the irrigation is bright and sparkling. As statal, | 
the soil is of very heavy clay, which has been underdrained feet deep 
with lines of drains 00 feet apart. The upper or surface soil has l>eeu 
lightened by mixing ashes with it. Ordinary plowing is to the depth 
of 1 foot, and once in about three years subsoil plowing to the depth of 
2 feet is used. Root crops and cabbages are mostly grown in ridges, 
between which the irrigation is made. 

As originally laid out there were a number of obvious errors in this 
farm which effectually prevented for several years either a thorough 
purification of the sewage or a satisfactory utilization of it in agricul- 
ture on the heav\v clay soil. At the present time the ashes of the town 
are regularly taken out upon the farm and mixed with the top soil for 
the purpose of lightening it. Filters of burnt clay have also l>eeii 
constructed for the purpose of receiving storm waters during periods 
of heavy rainfall. The settling tanks are also provided with valves, 
by means of which any excess of sewage, due to sudden storms, escapes 
and is discharged upon these filter beds. These storm- water tillers 
are used on an average fr<mi eight to twelve times a year. 

The main carriers of this farm are composed of cast-iron pipes, from 
which the sewage is drawn as desired at different points by means of 
ordhiHJ'y sluice valves. The secondary carriers leading from the cast- 
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iron maiiiH are either concrete or stoneware lialf pipes, laid as shown 
A fig. 5. The distributaries are laid with a plow and finally finished 
i^ spade labor. As a general rule their direction is that of the great- 
est fall. The distributing channels are cut at a definite distance of 
13 feet apaft, in order that when cutting the grass the laborer may 
mow the area of the piece he is cutting, as the rye grass when sold 
rtanding is disposed of by the sciuare yard. 

There is less variety to the crops on this farm than on the others 
lescrihed, because of the large quantity of sewage disposed of per 
trea. Italian rye grass, mangolds, and osiei*s, the three main crops 
pown, are those which best stand large quantities of sewage without 
liffliculty. 

Experience on the heavy <»lay lands of this farm indicates that 
jroiind to be sown with rye grass should ho plowe<l deeply in the 
Mitumn and allowed to remain in the furrow <luring the winter, in 
Mrder that the soil may be broken down by the disintegrating action of 
Troet. There is no objection to frequent api)licati()ns of sewage during 
this period. As early as practicable in the spring the land shouhi be 
pulverized by harrowing and the rye grass sown to the amount of not 
less than from 4 to 5 bushels of selected seed i)er acre. At Wimbledon 
the grass grows very rapidly, and with favorable weather the first cut- 
ting is sometimes made within eight weeks after sowing. The cuttings 
immediately succeeding will l>e heavier than th<» first, the plant dete- 
riorating rapidly after five or six cuts have l)een removed. For the 
best results in the profluction of forage, rye gi-ass should not l)e allowed 
to flower, as a loss of over 50 per cent in weight follows the flower- 
ing stage. With favorable conditions and siiflicient applications of 
sewage, as many as eleven cuttings, wcigliing in the aggregate in the 
^reen state about IfX) tons, have Ix^en obtained in tlii^ two seasons fol- 
lowing the planting of the seed. After two seasons d(»ej) plowing and 
imhsoiling shcmld, if necessary, l)e n^sorted to, and the process gcme 
through again. With good <niltivation, rye grass may l)e grown for 
several years on such heavy soils as tliose at Wimbledon. The aver- 
age price obtained for the lyo grass at Wiuibledon was stated l)y Mr. 
Snook to be about £15 to £20 per acre per annum. In some yeans 
more than this mav 1k' obtained. 

In regard to osiers, it wa« stated that this has l)een found one of 
the most valuable crops raised. The demand has always thus far 
been good, since large quantities are annually imported for basket 
making and other purposes from Holland an<l the north of France. 
This plant likes moisture, and, so far as known, will grow upon any 
kind of land except peat bog. The kinds found most suitable at Wim- 
bledon are the new osier and the golden willow. The first named is 
dark skinned and very suitable for basket making. The golden wil- 
low is smaller and of finer growth than the osier. 

In setting an osier field, sets oi- cuttings are selected from growing 
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iflUowB, whieh are cut in lengths of abont 16 inches and planted abonk 
1 foot apart in one direction and abont 1^ feet in the other. Tlieeol- 
tings should be planted with their ends nearly level with the gromd 
in order to insure straight shoots. They come into full bearing In tibe 
third year, although a tair crop may be got the first year. The auud- 
mnm growth is attained in abont ten years, after whieh the plsst 
dowly declines, and in the course of fifteen to twenty years it will 
require reseeding. 

The crop is gathered soon after the fall of the leaves by entttng m- 
dose to the main stock as possible. The annual jdeld per acre b 
statedatfrom 6 to 7 tons. The price obtained at Wimbledon is sbool 
£12 per acre per annum for the rods. This is for osiers; the goUes 
willow jdelds less and does not bring so high a price as the osier. 

The effluent from the Wimbledon farm fiows into the River Wandk 
As observed by the author, just above the point of junction with tte 
river it was in every way as bright and sparkling as any stream flowivg 
from agricultural lands. 

DONCA8TER FARM. 

As another interesting example of sewage purification and utOinr 
tion l^ broad irrigation, we may briefiy refer to the farm at Doncat- 
ter, which, however, was not visited by the author, but of which it is 
deemed well to give an account, because Doncaster, while not reoeiT- 
ing a prize in the Royal Agricultural Society's sewage farm competi- 
tion of 1879, was still strongly commended by the committee in their 
report as an admirable example of thrifty management and an excel- 
lent illustration of how selvage can be applied in general farming. 

The population of Doncaster is stated at about 30,000 at the present 
time, with a dry-weather flow of sewage of 700,000 gallons per day. 
The main drainage works of the town were carried out in 1870, but 
soon thereafter an injunction was obtained against the Doncaster co^ 
poration restraining them from discharging sewage into the River 
Don. In consequence of this injunction sewage-disposal works were 
established in 1873. The area available for sewage disposal is about 
278 acres, with a very undulating surface. The soil varies between 
the limits of light sand and stiff red stratified clay. There is also an 
area of about 20 acres of pasture land laid out for sewage irrigation. 

The principle of surface preparation followed was, by reason of the 
undulations, to change the surface as little as possible. According 
to Mr. Brundell, the designing engineer, no attempt was made to alter 
the surface, but the flow of sewage was fitted to the surface by the use 
of main carriers led along the summits and from them by means of 
contour distributaries the sewage was finally led over the entire area. 
Figs. 7 to 13 show how the distribution of sewage on such an area may 
be treated. 

The wain carriers are of terra-cotta pipe, laid either bek>w the sur- 
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ace or in embankments, as may be required. This form of carrier 
tas abready been referred to, and is illustrated by fig. 5. The pipes 
ire sometimes worked under a small head. The sewage is pumped 
rom the borough of Doncaster out onto the sewage farm, a 21-inch 
wt-iron main with a total rise of 22 feet being used for this purpose. 
A great variety of crops are produced on this farm. According to 
he report of the judges in the Royal Agricultural Society's sewage 
arm competition, they have been successful in raising black currants, 
[ooeeberries, wheat, barley, oats, rye, beans, potatoes, turnips and 
(wedes, clover, clover seed, rye grass, meadow grass, and osiers. A 
lonsiderable amount of live stock is also kept upon the farm. In the 
larly days there was some prejudice against the milk produced, but 
t is now accepted without hesitation. The effluent is stated to flow 
nto the River Don in a state of much greater purity than the water 
xt the river itself, which is seriously polluted by the towns above 
Doncaster. 

SEWAGE UTILIZATION IN GERMANY. 

The sewage farms of Berlin are the most extensive thus far carried 
>ut. Since they exemplify both in their preparation and management 
ihe best scientific sewage farming of the present day, attention will be 
confined to a consideration of them, although descriptions might well 
M given of the large farms at Dantzic, Breslau, and other points. 

BERLIN SEWAGE FARMS. 

The information concerning these farms was obtained by inspection 
ly the writer in November, 1894, and from a paper on the sewage 
arms of Berlin by Mr. Roechling, to be found in Volume CIX of the 
Proceedings of the Institution of Civil Engineers. The detailed statis- 
ical statements, as published annually by the Berlin authorities, for 
he years from April, 1891, to March, 1893, are also at hand. Inasmuch 
s Mr. Roechling's paper covers nearly every phase of sewage farm- 
ng at Berlin, it has been used in some sort as a syllabus in preparing 
his short account. 

At the date of the last census, in December, 1890, the population 
>f Berlin was 1,578,794, the area on which this population is located 
^mounting to about 24^ square miles. The area, not only of the city 
>f Berlin, but of the surrounding country, is generally level. The 
>nly stream of any size is the River Spree, flowing through the middle 
f the city, which, however, is far too small to admit of the discharge 
►f the sewage of a city of the size of Berlin without treatment. 

The sewerage system, as designed by Mr. Hobrecht, the city engi- 
Leer, is what is known as the radial system, wherein the entire area 
laa been divided into twelve separate districts, which, so far as the 
loUection of the sewage is concerned, are independent of one another. 
Sach district has a pumping station, from which the sewage is raised 
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direct to the sewage farms, although in some cases two drainage dis- 
tricts are united to one main. This peculiarity of the Berlin system 
has determined largely the location of the farms at several different 
points about the city. 

The River Spree flows from west to east through the city. Fron 
the sy8t«ms north of the river the sewage is sent northward, and from 
the south of the Spree, south; ao that, with the exception of a singlt 
13-iuch pipe, no sewer or pumping main has been carried under th« 
river. The southern farms are located at a distance from the central 
part of the city of as much as 12 miles. This makes the disposal o( 
farm produce somewhat difScult. The north and northeast farms are 
only about one-half the distance of the southern farms from the cen- 
ter of the city, and, consequently, it is stated that the produce there- 




of the Xorth Berlin sewa^u farms, the village of MslcliowlntbedlxtaiM* 



from is far more readily disposed of Ihan that of tho farms to the 
smith. This slatomcnt is niailc hy tho IJerlin authorities as a rea- 
son why Ihc northern farm.s show In'ttcr financial returns llian the 
southern. 

The (general character of the area iuelmleil in thi' Iterliii sewage 
farms is well shown liy fls. 22, from u phototfrapli. 'I'lie most of it 
is [iracttcally level, although there are frequently .-iniall eiuiuence? 
attaiiiinj; a heififht of fi-oiii 10 to 15 feet above the ;reueral level. Th* 
Koil is generally light and sandy, alth(»ug!i in the iiorthern farius 
there are considerable patches of clay. Tin- snlis<iil i.-s coarse, up^t 
nmterial for nearly the whole area. Taken as a whole, the whI isweL 
adapt^f^d for sewage irrigation. 
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The total nrea of the Berlin itewsge fanns an they existed in 1894 
is stated at about S0,000 acres, although only a little over half of this 
vas nnder Irrigatiou at that time. This great property is not ooly all 
limed by the municipality, but is montly fanned by it as well. l>ur- 
ng the last few years, however, there has been considerable demand 
Ibr land by market gardeners, who reut tlie land and take sewage 
mly when they desire it, whence it has resulted that the area farmed 
vy the city itself has been somewhat lessened. The leased land is 
Int prepared fur irrigation by the city and then rented out' hh recjuired. 
rhe annual rental for this prettared land is alHtut P2l per acre, while 
>rdiuai7 land in the vicinity brings only about m.mi per acre, the dif- 
Terenee of $13.5(> per acre l>eingdiieto the increased value of land 
irith sewage irrigation. There has also been a demand for rental of 




Fia. a— An effluont channel un thu Berllu «owb«o fnrm. 

sewage by the farmei-s who prei)ar<> their own land ami only take the 
sewage as required for the Iwst results. In 18H4 sewage was applied 
to about 1,000 acres in this way- 

In considering the results of sewage irrigation at llerliu it shonM 
be remembered that the water supply has by metering buen kept at 
• very low point, so that the daily use of sewage amounts lo only 
abont 14 or 15 gallons i>er cajiita. Including the storm water, the 
daily flow of sewage averages about 2-5 gallons per (-apita. The sew- 
age is therefore more concentrated than that of any town thus far 
considered. 

The rising mains from the pumping stations terminate at standpipes 
erected on the highest points at various paKs of the farms. These 
are open at the top and act as safety valves as well as pressure gauges 
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for indicating the actual head on the mains at any particiilar iBgliat|| 
this fact being indicated by a float on the inside of the pipe caRyim 
a flag by day and a lantern by night. On acooont of the looatiaB« 
the standpipes on the highest points, they form landmarks v MMq 
from all jmrts of the farms. The distribnting pipes of cast inm stwfrl 
from the standpipes and radiate in all directions to various parts of I 
the fiurms, their diameters being rednced gradnally at tilieir fuOn 
extremities. At variotis places they are provided with sluice vabvi 
and side branches which empty into small tanks dng into the gnMmil 
The open earth carriers begin at these tanks. There are sluice grim 
on the distribnting pipes at intermediate points as required* I 

The lajdng out of the Berlin farms has been done according to tt^l 
following scheme: The open efBuent ditches, of which an ezanpltl 
is shown in fig. 23, follow along the lowest levels of the farm; ttil 
bottom width is about 18 inches and the side slope H to !• The fm; 1 
has been thoroughly underdrained, mostly with 2-inch pipes laid m ] 
the parallel system at distances varying from 16 to 33 feet. Tl»] 
average depth of the feeders is from 3 to 4 feet. The feeders ksl 1 
into master drains varying in size from 3 to 6 inches, which flnaQr 
lead into the main effluent ditches just referred to. 

In designing the beds the topographical conditions of the grooad j 
were very carefully taken into account, and generally rioping gronl { 
was utilised for grass plats, to be treated by broad irrigation. The 
nearly level portions have been made into filtration areas, and the 
level ground into tanks in which surplus sewage can be filtered Iff 
intermittent filtration as i*equired. The irrigation and filtration plate 
are, so far as possible, rectangular in form, with areas of from 5 to 6 
acres. The tanks, however, are larger. They include plats of ground 
from 5 to 22 acres in extent, suiTounded by embankments about 3 feet 
in height and from 13 to 20 feet wide at the top, in order to furnish 
si)ace for wagon roads. In summer the tanks are used as filters to 
dispose of storm waters, and in winter they are used as reservoirs at 
such times as, owing to long-continued frost, the land is frozen to a 
depth preventing ordinary irrigation. The Berlin authorities con- 
sider the tanks as a necessary adjunct of any sewage farm operated 
like that at Berlin, although the degree of purification effected by 
them is apparently not so high as that of the grass plats or the filtra- 
tion beds. The 5 or 6 acre plats are also subdivided into what are 
called quarters, in order to enable the irrigation to be properly 
applied. 

Reference has already been made to the earth tanks at the outlets 
of the main distributaries. The main carriers, which are merely 
ditches cut in the ground, illustrated by fig. 4, start from these. 
They vary in depth from 18 inches to 3 feet, and, entering each 5 or 
6 acre plat at the highest corner, pass down one side to the lowest 
quarter to be irrigated, and so on to the next plat. Secondary car- 
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sien, which are also mere earth trenches, are taken off from the main 
asnriers to irrigate such plats as the main carriers do not traverse. 
From the secondary carriers the sewage is distributed over each plat 
and quarter thereof by still smaller earth carriers, which are frequently 
furrows cut with the plow. 

The surface of the permanent grass plats has been graded to a uni- 
tann slope and the irrigation takes place from the level furrow at the 
lipper end, which, when full, overflows, allowing the sewage to pass in 
m fhin film down the slope. This method of irrigating the grass plats 
is the one generally followed at Berlin. 

The beds have been laid out in terraces, each terrace being made 
level and separated from the one below by an embankment. The 
cultivation beds are formed with ridges about 3 feet wide, with the 
furrows between the ridges 2^ feet wide and 1^ feet deep. Sewage 
ilowB into the ditches from one side until nearly full, when it is allowed 
to stand and filter away through the soil. Turnips, mangolds, cab- 
bages, and other root and vegetable crops are grown on the filter beds. 

The foregoing account of the method of laying out pursued at Ber- 
lin indicates that both broad irrigation and filtration are used on the 
Berlin sewage farms, the grass plats representing the broad irrigation 
and the level beds intermittent filtration with cultivation, while the 
tanks represent intermittent filtration without any attempt at utili- 
lation. As we have seen, this principle is the one now universally 
adopted in the laying out and management of modern sewage farms. 
We may conclude, also, from what has preceded, that the prin- 
ciple of leasing sewage to private farmers is developing with con- 
siderable rapidity at Berlin, which is in line with the best results in 
agricultural utilization. 

As indicated on page 58, the crops raised at Berlin include a con- 
siderable variety of roots, cereals, and ordinary vegetables, as well as 
oil seeds, which are grown quite extensively. Detailed statements of 
the yields may be found in either Mr. Roechling's paper in the Proceed- 
ings of the Institution of Civil Engineers, already referred to, or in 
the annual statements published by the city of Berlin of more recent 
date. These statements show a loss during the early yeai's of these 
sewage farms, but since the laying out of the farms was completed 
and more experience has been gained they have shown some small 
profit. 

While the rainfall at Berlin is not large for the whole year, it is 
heaviest during the growing months, which complicates somewhat the 
problem of sewage irrigation there. 

The best returns have come from the Falkenberg farm, which in 
1890 earned about 3J per cent on the capital expenditure. This must 
be considered a very favorable result, especially when it is under- 
stood that ordinary land in the vicinity of Berlin does not give an 
average yield of more than 3 jyer cent. In comparing the i*esults of 
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sewage fftrmhig at Berlin with ordinary farni» it anould. however, be 
borne in mind that thu furagoing flgnrea do not int^lude any renl fa 
th« land. In case a i-«ntal of as intich ae «fi per awre (20 markB) were 
to be included, the farms wonld hardly be more than self-supportiDg. 
It is the opinion of the managers of the Berlin fai-ms that with ibfl 
! grajliial improvement in the condition of the area under cultivation 
for a numlwr of years the profits of sewage farming may be especlwl 
to increase somewhat. As remarked by Mr. Roechliug, the degreeirf 
purification attained! is the chief test to be applied to a sewage fann; 
and if wanting in this respeet, the farm must be said to be a failare. 
This point is specially important to bear in mind in considering <{on- 
tions of sewage purification and ntilization, becaui^e, with the evi- 
dence at hand, it is indisputable that with proper management sewitge 
farms may be so operated as to not only utilize sewage at an agriuul- 
tiiral gain, but also to give out an effluent of a verj' high degm»o( 
. purity. At Berlin the water flowing in the effluent ditclieH is as clew 
' and sparkling as any flowing from agricultural lands, and the author 
was informed by one of the head gardeners in the eoui-sf of walking 
over the farms that the laboring men who can-}' their dinners out la 
the fields were in the habit of frequently taking wat«r from the uIBd- 
ent ditches for drinking, and this, too, in spite of the fact that tht' 
Twe of the water for this purpose had been prohibited by the aathori> 
tlee in charge. 

A large number of analyses have heen made not only of the Berlin 
sewage as it comes to the farms, but also of the final effluent. Tto 
results are given in such detail as to render any adequate preseota- 
tion impoH-sible at this place for lack of space. They may be found 
in Mr. KoechUug's paper or in the annual municipal statement's, lo 
a general way they indicate that the purification attained is in th( 
highest degree successful. 

SEWAGE UTILIZATION IN FRANCE. 

Sewage ntilization in France, as a whole, has l>een less generally 
attempted lluin in citlior Eii;;l;iud or Gerniany. although the employ- 
ment of Paris sewage on the Plain of Gennevillters is, perhaps, on the 
whole, the most successful case of profitable utilization in t^ncultnn 
to be found anywhere. The soil of that plain is exceedingly well 
adapted for the purpose, being light and open, with gravel subsoil tt 
considerable depth. It therefore serves the purpose of a uatunl 
filter. Thus far only a small portion of the sewi^e of the city <rf 
Paris has been utilized at Gennevilliers, the remainder being allowed 
to pass directly into the River Seine. Only a portion of the sewage of 
Paris is water carried, the balance being disposed of by the pail syB- 
tern, although a recent decree of the French Senate makes It impera- 
tive to now construct sewers and connect all houses with the water- 
carnage system. 
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The utilization of all the sewage of Paris by irrigation has been 
liscussed extensively by the engineers of the city and by (rovem- 
sent commissions for many years, with the final result that under a 
bcree of the Senate, bearing date July 10, 18{)4, the municipality of 
*luis is authorized to make a loan of 1 17,500, (KK) francrs for the pur- 
1086 of extending the sewers to those districts of the city which are 
LOW served by the x>ail system, and also for preparing the necessary 
ireas for land purification at various points in the vicinity of the city. 

THE PLAIN OF GENNEVILUERS. 

The history of the irrigation at Genuevilliers is exceedingly interest- 
ng. As the result of a considerable discussion, the municipality in 
[869 laid down at its own expense the necessary carriers, subcarriers, 
londuits, and pii>es for distributing sewage on land at this place and 
xmceded to the owners and lessees the free use of it until 1 880, since 
vhieh time they have been obliged to pay a price for the use of the 
lewage. At first there was very great prejudice against not only the 
IBS of the sewage as manure, but also against the produce grown by 
its aid. This gradually died out, and the number of users of sewage 
lias increased from year to year, until in 1801 the total area available 
It Genuevilliers, which amounts to about 770 hectares, or 1,917 acres, 
was taken up. 

The crops grown under sewage irrigation at Genuevilliers have been 
nceessf ul in the highest degree. They comprise absinth, artichokes, 
■sparagus, beans, beets, cabbages, carrots, celery, kohl-rabi, cucum- 
bers, leeks, melons, onions, parsnips, peppermint, i>otatoes, pumpkins, 
qunaeh, tomatoes, turnips, clover, rye grass, mangolds, wheat, oats, 
ud Indian com. The market-garden produce yields abundant crops. 
Indian com has also an exceedingly good growth here, the stalks 
attaining a height of from 9 to 10 feet. In order to obtain definite 
information as to the results to l)e derived in the agricultural utiliza- 
"tion of sewage on the Plain of Genuevilliers, the French minister of 
igrieulture in 1874 appointed a cjommission to study the (question in 
to economical aspects. The re^wrt of this commission shows the fol- 
lowing as the yields of vegetables which under favorable conditions 
may be expected there : Cabbage, as much as 75,000 kilograms to the 
hectare.^ Mangolds are stated as yielding 120,(X)0 kilograms i)er hec- 
tare; carrots, 50,000 kilograms per hectare, and beans 15,000 kilogi'anis 
per hectare. The experience of the last few years is stated to fully 
eonfirm the results of the commission of 1874. 

Artichokes, which are extensively grown for consumption in France, 
*re stated to yield from 30,000 to 50,000, and even as many as 
80,000, heads per hectare. Cauliflowers amount to from 35,000 to 
K),000 kilograms per hectare. Garlic yields 37,000 kilograms per 

> The knoirnun is equivalent to 2.2 pounds, and the hectar<^ to 2.47 dcres; hence the Htated yield 
t cablwget u our measuree, is 34.14 tons per acre. 
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hectare; celery, 100,000 kilograms per hectare; onioos, 60,000 b 
80,000 kilograma per hectare; potatoes, 30,000 to 10,000 kilognma 
salsify, 10,000 to 12,000 heads, or 25,000 kilograms, to the hectare. 

As to the mean valae of the aumber of crops raised, the followioj 
figures are given: Cabbage, from 3,000 to 4,000 francs per hectare 
oaulifiowers, fi,000 to 10,000 francs per hectare; carrots, 3,000 franw 
artichokes, 5,000 to 6,000 francs; onions, 3,500 francs per hectare, etc 
(three thousand five hundred francs per hectare amounts to 1,11 
francs, or about #281, per acre.) The French reports abound witl 
statements as to the degree of purification attained at GenneviUien 
but these are omitted in this place for lack of space. The authorvit 
ited the Plain of Grennevilliers on a rather warm day early in Decern 
ber, 1894. The efSuent was bright and sparkling, and as be wa 
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exceedingly thirsty after a long walk he had no hesitation in dippii 
up the water of the effluent channel and drinking it, the gentlema 
accompanying him having made the positive assurance that no han 
would result therefrom. Thus far there is no reason to believe thi 
the effluent from sewage irrigation from the Plain of Gennevillier 
may not be used as drinking water regularly witii impunity. 

The available area at Gennevilliers having been all taken up, tb 
engineers of the city of Paris proposed to extend a main for irrigatio 
to the edge of the forest of St. Germain, a few miles distant from tli 
municipal usiue at Clichy, the point from which the sewage is diverte 
from the main outlet sewer of Paris to the Plain of GenneviUien 
Although the sewage irrigation at Gennevilliers had been very 8u< 
cessful, the project of irrigation in the forest was opposed strongly ^ 
the citizens of the neighboring communes. Petitions were made an 
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protests forwarded to the French Senate, the whole forming a large 
i Ttdnme of considerable interest as indicating the i)ersisteney of the 
piablic opposition to the carrying out of great works of public utility 
of this character. On the part of the city of Paris, however, an equal 
persistency has been manifested, with the result that the city has finally 
nceiYed authorization to carry out the scheme of purifieation of Paris 
Mwage, as already detailed in discussing the decree of July 10, 1894. 
Among other interesting statistics which have been gathered in 
xegard to sewage purification at Gennevilliers, the French reports indi- 
^ oate that, as in England and at Berlin, the health of people living on 
•nd about the sewage farms has not been in any degree impaired. So 
extensively has the evidence on this point multiplied from the differ- 
ent places where sewage utilization works have been carried out that 
^© may conclude here, as in respect to other details already discussed. 
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that properly conducted sewage utilization is not in any degree preju- 
dicial to the health of either the people engaged iu it or those living 
in the vicinity. 

Among other interesting features at Paris, the Model Garden should 
be mentioned. This includes an area of hectares, on which precise 
experiments as to the utilization of sewage have been carried on for 
a number of years under the most scientitic conditions i>ossible of 
attainment, in which have been noted the weight of seed sown, the 
yield therefrom, the amount of sewage applied, the amount of rain- 
fally variation in quantity of sewage applied, and many other things 
tending to afford a definite scientific basis of positive information for 
the agricultural utilization of sewage. 
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The results of the experiments at the Model Garden have never 
been published in full, and the author is indebted to Mr. George 
Bechmann, chief engineer of the sanitary department of the Seine, 
for information as to these valuable results. As visited in December, 
1894, the Model Garden presented evidence of the many careful and 
systematic experiments carried out, although at that season of the 
year little idea could be formed of the relative benefits of sewage to 
different crops, for the reason that crops were not then growing. 

The following particulars as to the irrigation of Gennevilliers are 
derived from the report of Mr. Bechmann for the year 1893. Accord- 
ing to the report, the 
area under irrigation 
has remained station- 
ary at 776 hectaree 
since 1891, in which 
year, as already stated, 
the entire available 
area was taken up. Of 
this area of 776 hec- 
tares, 6 hectares belong 
to the city of Paris and 
constitute the Model 
Garden and its depend- 
encies. The remainder 
is composed of various- 
sized parcels which are 
the property of the 
individual cultivators, 
who receive sewage 
only when they desire 
it. Fig. 25 shows 
graphically the in- 
crease in the use of 
sewage in (Tcnnevil- 
liers from year to year. 
The sewage is distributed by means of a system of main and sec- 
ondary channels, with a total length at the present time of 49,427.7 
meters. The progressive increase in length of these conduits from 
the beginning to 1893 is shown by fig. 26. The distribution service is 
in charge of the agents of the city of Paris, who work according to ft 
system, irrigating successfully the three belts into which the plain has 
been divided. The force having this work in charge consists of 3 
foremen and 23 ordinary workmen, who perform all the labor neces- 
sary for a proper and successful distribution of the sewage. Fore- 
men receive 170 francs per month and laborers from 145 to 150 francs 
per month. 
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Fig. 2S.— Diagrraxn illustrating progressive increase in length 
of distribution conduits at Gennevilliers. The numbers 
denote meters. 
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>tal volume of sewage distiibnted in 1893 whs 3;),421,20d 
Iters. Kaoli hectare of tlie plain, therefore, received on an 
% little more than 43,000 cubic meters, the distribution per 
ig, thus, 625,293 feet. The amount actually distributed each 
shown by fig. "il, while the leaHt area irrigated in one day 
tna month to month as i>er fig. 28. From this figure we learn 
minimum area 
vas 49 hectares 

nary, and the *■*•<>■'»<' — 

Q area 133 hee- 
r day in Sep- 

fl hectares be- 
to the city of 
id included in 
1 Garden, 3 hec- 
a 85 ares were 
■ 1893 at an an- 
tal of COO francs 
,are. The re- 
of the 6 hec- 
fts devoted to 
experiments, 

Uy to intensive irrigation, wherein from 80,000 to 130,000 
et«re of sewage per hectare per year were applied. Mr. 
in states that the application of such lai^e (juantittes of 
9 not prejudicial either to the purification or to the success 
rops. The experiments at the Model Garden have been di- 
rected specially for a few 
- years towai-d the cultiva- 
tion of nursery st^wks of 
various sorts, and the re- 
sults obtained are stated 
to have been remarkably 
good. 

The cost of the irriga- 
tion at C-reiinevilliers is 
said to have l)een 0.0022 
franc per cubic meter of 
sewage distributed. In 
ency this would amount to 0.00043 cent per cubic meter.' 
urification attained during the year 1893, as determined by a 
! analyses regularly made at the municipal olwervatory of 
ris, continues to be absolutely satisfactory. Without refer- 
ihe degree of purification attained as indicated by chemical 

' rae en tdo meter eqtuls SS.M cnbtc feet, or \.3B oaU« 7»i&». 
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analyses, we may merely call attention to the bacterial purificati r 
According to the Montsouris laboratory determination, the sewage i . 
it flows in the Clichy main contains 29,454,000 bacteria per cubic 
centimeter, while the water of the Asnieres effluent drain contains 
only 5,380 bacteria per cubic centimeter, and that of the Epinay 
drain 26,500 bacteria per cubic centimeter. 

The foregoing is an exceedingly inadequate account of sewage 
utilization at Paris. The literature of the subject has grown very 
extensive, and whoever would familiarize himself with all that has 
been done at Paris must go through this large mass of literature in 
detail. 

SEVS^AGE PURIFICATION IN THE UNITED STATES. 

At the present time there are upward of 60 sewage-disposal plants 
in operation in the United States and the Dominion of Canada. The 
limited space here available will not permit an account of these works, 
but in a subsequent pamphlet of this series it is intended to give a 
brief description of a few of the more recent or more interesting estalv 
lishments. Facts concerning many of these may be found in the 
columns of Engineering News and Engineering Record and in Sewage 
Disposal in the United States, which latter contains descriptions of 
and reference to works built in the United States previous to 1893. 
A complete discussion of existing American works would fill a large 
volume. 

As examples of sewage utilization we may refer to Pullman, Illinois; 
Los Angeles, California; South Framingham, Massachusetts: Morijlen 
and Bristol, Connecticut; and Plainfield, New Jersey. InteruiitteiU 
filtration without any attempt at sewage utilization is also practi<*e'l 
at Marlboro, Brockton, and North Brookfield, Massachusetts; Sumiuii. 
New Jersey; Pawtu(»ket, Rhode Island; and also at a number of other 
towns. Examples of precipitation i)lants may be seen at Woreesttr. 
Massachusetts, and Canton, Ohio. 

]Much has been done toward advancing knowledge of sewage purifi- 
cation in this country. At tlie present time the scientific part of the* 
subject is somewhat in advance of the ])i'aeti('al application, and liorein 
lies <rroun(l for criticism. The managers of American works liav*- 
fre(|uently failed to understand the importance of closely followiii- 
rational theory. It is 1)elieved that with good nianagennMit tho Amer- 
ican works can be quickly made to show as good results as can ^^ 
obtained anvwhcre, for *j:enerallv thev have been well desiirued— a 
fact which may be set down to the credit of the engineers. 
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LETTER OF TRANSMITTAL. 



Department of the Interior, 
United States Geological Survey, 

Division of Hydrography, 
Washington, February 17, 1897, 

El: I have the honor to transmit herewith a paper entitled *'A 
>nnoissanee in Southeastern Washington," by I. C. Russell, pro- 
)r of geology at the University of Michigan, and to recommend 
it be published in the series of pamphlets upon water supply and 
;ation. During his long connection with this Survey Professor 
sell obtained such familiarity with tlie western part of the United 
es that it seemed desirable to secure his services in the continua- 

of the examination of the water resources. He has already 
lished in Bulletin No. 108 a description of the geologic structure 
nd adjacent to the drainage basin of Yakima River, Wasliington, 

the great plains of the Columbia to the Ciist of this area, giving 
jcial attention to the occurrence of artesian waters. The field 
k of the last season was to a certain extent a continuation of this 
mnation still farther to the east and south, covering areas in 
^heastem Washington, northeastern Oregon, and adjacent por- 
s of Idaho. The region, though not arid, depends for itsdevelop- 
it ux>on more complete methods of utilizing the water supply, and 

in turn rests upon a thorough knowledge of tlie underground 

cture. The latter, therefore, has been examined and described 

ome length, as preliminary to a discussion of the employment of 

water resources. 

Very respectfully, F. 11. Newell, 

Hijdrographer in Charge, 
on. Charles D. Walcott, 

Director United States Cieological Survey, 
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A RECONNOISSANCE IN SOUTHEASTERN WASHINGTON. 



By Israel C-. Russell 



INTROinCTlON. 

Acting umlor the instructions of Mr. V. II. Nowoll, hydro^apher 
of the United States Geological Survey, I ina<le an examination of 
the geology of the southeastern portion of the State of Washington 
Ui the summer of 18*JG for the jmrpose of as(jertaining how far the 
nature and position of the rocks of that n^gion favor the hope of 
obtaining artesian water. The time (lovot.<»(l to field work extended 
from August 11 to September 21. The region traversed embraces 
ibout 5,000 square miles. It will be seen at once, from the time 
available and the extent of territ^iry <^\amined, that nothing more 
>han a general, or, perhaps more accurat<»ly, a i)roliminary, reconnois- 
>iince was aimed at. The conditions, howev<jr, an* unusually favor- 
iWe for rapid geological exploration, the region being i)ractically 
^fee from forests and the rocks nearlv horizontal. For these reasons 
nore confidence, I think, can be plac<»d in the results obtained than 
it first thought might se<*m warrantable. 

The regiofi examined. — The country chosen for the (*ommenccment 
>f my studies is that portion of southeastern Washington which lies 
loath of Snake River. \ly referring to the a<tcompanying map, it 
^1 be seen that a well-detin<'d region, bordered on the south by 
Oregon, on the east by Idaho, on the north by Snake River, and on 
ihe west by the Columbia, may be briefly designated as lying south 
^^ Snake River. It is frequ(»ntly spoken of as th<* "Walla Walla 
country," for the reason that Walla Walla is the principal town, or 
^rhaps because the whole of it was formerly included in Wallawalla 
^Onty.^ At present this region is divided into four counties, namely, 
'^ their order from west to east, Wallawalla, Columbia, Garlleld, and 
^«otin. 



' ^^alUwall* County was uHtablished in lH.">lr, und firigiiiully orabra(*e<l a umch widor t<.>rrit«)ry 
^^ is mentioned above, as it extended from the CuHcado MuuntainH coHtward t<> ]M>yond the 
^vientMWtem boundary of Washington. 
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The region bounded as described above embraces aboat 4,000 
square miles. In order to learn its geological history, however, itiras 
found desirable to make an excursion southward into Oregon as far m 
Wallowa, about 30 miles in a straight line south of the Washington- 
Oregon boundary, and another northward, traveling by rail, throa|^ 
the eastern border of the ** Palouse country,'^ as far as Spoksjie. Tim 
hasly reconnoissance northward included a'visit to Pullnuuiy Palooai^ ! 
Oarfield, and Spokane. Short excursions were made from each oi \ 
these towns, and the more general features in the geology of thflk ^ 
environs were ascertained. The excursions mentioned were of mnek 
assistance in understanding the geology of the region south of Snato 
River, which is the portion of Washington definitely considered in tliii 
report 

Mode of tra/vel. — Southeastern Washington is largely A rich agri- 
cultural region. The cultivated lands are inclosed l^ wire fences, 
and roads have been laid out through the greater porUooi of it in a 
rectangular system governed by section lipes. FarmlKmseB an 
numerous, except in the more arid western portion and in the Bine 
Mountains. The geological traveler has to take account of fhese 
conditions in planning his journey. 

To facilitate my work and to be able to reach all parts of flie region 
to be examined, I chose to "camp out.*^ At Walla WallA I hired two 
men, Messrs. F. W. De Forest and A. C. Rud, to act as cook and 
teamster, respectively. We had a two-horse farm wagon, a saddle 
horse, tents, cooking utensils, ete. To one familiar with the vicissi- 
tudes of exploration in unsettled regions, camp life in southeastern 
Washington offers but few attractions. Nearly every night we 
camped near a farmhouse, and obtained hay for our horses from the 
farmer's barns, and in many instances wood for .our camp fire from 
his wood pile. Our camps were of necessity at localities that could 
be reached with a wagon, but by making side trips with a saddle 
hoi*s6 or on foot I was enabled to visit practically all localities that 
seemed to offer opportunities for gaining information concerning the 
geology of the country. 

The accompanying map (PL I), on which the routes followed are 
shown in a general way, will serve to indicate to some extent how 
much of this report is based on actual observation and what degree 
of confidence can be placed in it. 

ClilMATE. 

The climate of south-central Washington, in the region about Pasco, 
for example, is decidedly arid. The annual rainfall, judging fn)in 
weather records in neighboring towns, as Kennewick, Sunnyside, et^., 
must be less than 5 inches. To the east and west of this arid region 
a gradual increase in humidity is shown by changes in the character 
of the vegetation. The nature of the climate on the eastern portioD 
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plateau which occupies nearly all of southeastern Washington 
«m to some extent by the following weather records : ^ 

Mean precipitation and temperatures for 1895, 



Locality. 


Precipitation. 


Temperature. 


Pomeroy 


Inches. 

7.37 
15.00 
13.69 
13.46 
14.89 


T. 


Pnlhnan 

Rosalia 




45.6 
48.1 
53.1 


RpnkariA 


Walla Walla 





mean annual precipitation at Spokane for a period of fourteen 
was 17.94 inches, the summer average being 6.77 and the mnter 
je 11.17 inches. At Walla Walla, for a period of eight years, 
san annual precipitation was 16.80 inches, of which 5.96 inches 

the summer season and 10.84 inches in winter. 

average annual rainfall throughout the eastern portion of 
ington, over a belt of country about 50 miles broad and extend- 
uthward from Spokane River to the Blue Mountains, mayprob- 
)e taken at 15 to 17 inches. Some years it is considerably less 
his, as is shown by the records given above for 1895, and again 
exceed this amount, which is assumed as a general averse, 
vard from this belt a gradual decrease is shown by the character 
t natural vegetation, and by a decrease and final cessation of 
ilture. 

interesting feature in the precipitation is the manner in which 
istributed throughout the year, and the nature of the rain and 
all. Precipitation is greatest in December and January, and is 
►rincipally in the form of snow; July, August, and September are 
ularly rainless months. The rain usually falls gently. At no 
I have been informed, is it torrential, except at wide intervals, 
what are termed "cloudbursts" occur. The fact that precipi- 

is normally in the form of gentle showers or snow is of vast 
tance to agriculture. The meteoric waters are absorbed and 
ed by the fine, deep soils, and do not gather in rills, except 
the ground is frozen. 

tdnter, when the land is snow-covered, warm southwest winds, 
i " Chinook" winds, sometimes blow, and the snow evaporates 
^appears rapidly without melting. This is unfavorable to agri- 
e, as much moisture is thus lost which would be absorbed by the 

the snow were melted slowly. Again, in spring and summer, 

riled from the First Axmaal Report of the Bareaa of Statistics, Agriculture, and Immi- 
[of the State of Washington], by J. H. Price, Olympia, 1800, pp. 2^-S4. 
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'* hot irinda " sometimeB wither the graiu, aud then immenBe damage 
is done. 

No meaanres of the raiu and snow falling on the Bine Motint^DS 
have been made, but the precipitation in that section is known to lie 
much more abundant than on thv lower plat-eiiu to the nortli. I bs\i' 
been informed by persons familiar with the Blue Mountains that the 
snowfall in their liigher portions frequently has a depth of 12 to!S 
feet. In deep gulches and under the shelter of the forest it rem 
unmelted until lat« in the spring. It is this aliunditnt snowfall that 
insures the permanency of the many creeks wliich flow from the monn- 
tains. Evidently, in a region where there is such a delicate bahiiiw 
between climatic conditions that admit of profitable agriculture and 
those that are accompanied bj' a failure of crops, cai-e should be taken 
to preserve the forest* on tlie mountains, for the reason, if for n 
other, that they prevent the blowing away of snow, and by sheltering 
it from the sun delay its melting. 

The range in tflmperaturc and precipitation of sontheastcrn l\'a* 
iDgton is shown by the following averages, by counties: ' 



Franklin... 

Qarfleld 

LlDdOlll . .. 

WalUwallft 



Temperature aTid precipilaiio 



ij conntiea. 



Tttlloy. 

"Prionse- 
•■Big Band 



Ueu High- Low- 
■oord. record 



,SSJ1 



ATor-l8nm-mil- 



VEGETATION. 

In the western portion of the area represented on the accompanyiDg 
map (PI. I) the vegetation has the desert-like character found so com- 
monly between the Rocky Mountains and Sierra Nevada-Cascade 
uplifts. Sage brush (Artemisia) growing in scattered clumps gives a 
monotonous, grayish-green tone to the desolate, treeless laudscape. 
Of brighter green is the common greasewood, which is also familiar to 

id Immlffi-BtloD tof tbaStM 
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)very traveler in the more arid jwrtions of the West. Beneath these 
iesert shrubs bunch grasses grow abundantly, unless eaten off by 
stocky and in early spring the ground is beautified by many lovely 

l)10B80m8. 

As one travels eastward and gradually rises to the siimmit of the 
tuMaltic plateau which forms the greater part of eastern Washington, 
the desert shrubs disappear and the hillsides and valleys alike are 
clothed with bunch grasses and are destitute of trees and shrubs. In 
reooDt years cattle and horses ranging over these seemingly Iwund- 
len pastures have eaten off the nutritious herbage and made the land 
practically a desert. 

Before the plateau of southeastern Washington was cultivated, the 
bnnch grasses extended all the way to tlie mountains of Idaho. The 
surface of the plateau was then one vast, rolling prairie. The Palouse 
River, which drains a jwrtion of the plateau, derives its name, it is 
(Uiderstood, from the French word "pelouse," meaning greensward, 
lawn, etc., and is descriptive of the region as it existed for many 
y^ears after the coming of the white man. 

The forests still retain the regions they originally occupied, although 
biroads have been made with the ax. The Blue Mountains are cov- 
ered with a varied and beautiful open forest, of pines, spruces, and 
tamaracks, which are valuable for lumber. With these more impor- 
tant trees grow cedars, mountain ash, the haw, and a multitude of 
wild roses and berry bushes. Similar vegetation clothes the moun- 
AinB of Idaho and extends down the water courses that enter the 
>lateau region between Spokane and Snake rivers. A few of the 
>utte8 in the "Palouse country," which rise like islands through 
he basalt of the plateau, are also scantily clothed with pines and 
spruces. 

Along some of the streams there are scattered growths of cotton - 
^ood, alders, elders, willows, and roses growing in dense thickets. 
rhe Cottonwood, however, seldom reaches the large size and pictur- 
esque development that is seen along the Yellowstone and on the 
)order of many other streams in the Rocky Mountains. The canyon 
)f Snake River, like the valley of the Columbia in its middle course, 
s treeless. Above Lew^iston, however, cottonw(X)d and occasionally 
t pine appears, and in the c^myon of (xrande Ronde groves of pine 
tlong the river's banks and on islands in midstream, as well as in 
ateral gorges, give an additional charm to that wild and picturesque 
-egion. 

Over nearly all of the agricultural portions of southeastern Wash- 
ngton wood of any kind is wanting, and all supplies for buildings, 
fences, fires, etc., are brought with mucli labor from the mountains. 
Wood and water are each highly prized in most of the agricultural 
regions. Water is frequently carried in tank wagons for a distance of 
10 or 15 miles and stored in cisterns for domestic use and the watering 
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of stock. The conditions that have given large jwrtions of Washing- 
ton wonderfully rich and easily cultivated soils have been less favor- 
able to man in other directions. 

) TOPOGRAPHY AND DRAXNAGB. 

Prevailing topographic features, — The portion of Washington lying 
to the south of Spokane River, together with what is termed the "Big 
Bend country" — a region in the central part of the State, bounded on 
the north and west by Columbia River — is, when minor features are 
disregarded, a gi'eat plateau. This plateau has been moderately dis- 
turbed by movements in the earth's crust which have caused eleva- 
tions at certain localities and depressions at others; the uniformity of 
the surface has also been broken by stream erosion, and great canyons 
have been formed. The plateau is lowest in its southwestern portion, 
where the elevation above the sea, as at Pasco, is but 386 feet, and 
rises, particularly on its eastern border, to a general level of between 
2,000 and 2,500 feet. The general slope in the region between Spo- 
kane River and the Blue Mountains is westward. In the absence of 
accurate topographical surveys, it is impossible to state just what is 
the slopQ of the general plateau surface, but from such information 
as is in hand a broad belt adjacent to the Washington-Idaho bound- 
ary appears to be but gently inclined. The chief portion of the 
descent from the eastern border to the depressed central region near 
the Columbia is due largely to erosion. 

An exception to this general and very gentle westerly inclination of 
the plateau's surface occurs in the extreme south-central portion <rf 
Washington, beginning a mile or two south of Wallula, on the Colum- 
bia, and extending far into Oregon. In that region a large block of 
the originally level plateau has been tilted so as to incline gently 
southeastward. The Columbia below Wallula has cut a steep-walled 
canyon some 600 or 800 feet deep through this upraised region. Again, 
in what may be designated as the southeast corner of Washington, 
and extending far southward into Oregon, there has been another 
upheaval which has formed the Blue Mountains. These so-called 
mountains are essentially a low, flat dome, elevated about 2,000 feet 
above the general plateau surface. The uplift is so broad in oompir^ 
ison with its height that it is in reality a plateau, although now deepl{y 
dissected by stream erosion. 

The reader will be greatly assisted as he reads the following pagw 
if he will bear in mind that southeastern Washington, northwaid 
from the gentle uplift just mentioned, all the way to Spokane Riveri 
is a nearly uniform plateau, the general surface of which is indiiMftj 
very gently westward. Over much of this vast region, embi 
fully 25,000 square miles, and particularly in its eastern half, 
country is so nearly level that no one on looking over it conld to-^ 
tingnish any departure of tbe general surface from a plain. This 
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plateau is, as will be explained later, the surface of a series of hor- 
izontal basaltic lava sheets, and will for convenience be spoken of as 
the '^basaltic plateaa." On the east this plateau is bordered by the 
mountains of Idaho. The junction of the plateau with the moun- 
tains coincides in a general way, fn)m Snake River northward, with 
the Washington-Idaho boundary. 

The basaltic plateau is crossed from east to west by Snake River, 
"Which flows through a deep, steep-walled canyon. There are several 
streams that rise in the mountains of Idaho and in the Blue IVEountains 
of Washington and Oregon which traverse the plateau in deep, nar- 
row, trench-like valleys, which in fact are true canyons. There are 
also a few small streams which have tlicir sourcos on the nearly level 
plateau and flow through deej) valleys, which again are frequently 
canyon-like. Although the plateau has 1 )een deeply cut by the streams 
flowing across it, yet broad, flat-topx)e(l interstreain spaces still remain 
to show what would have been the character of the entire region if it 
had not been deeply dissected. 

Standing on the plateau between the branches of the various streams 
that have sunk their channels deeply into the rocks, the valleys, can- 
^ yons, and ravines are concealed from view, and a limitless plain 
I extends away to the horizon in all directions, or to the lx)ixlering 
inonntains. In some regions, parti<uilarly in the '*Palouse country," 
the surface of the plateau is roughened by short, rounded hills 50 
f to 80 feet high; but in a general \iew none of the hills are prominent, 
*iid they do not detrac^t from the impression that the surface is essen- 
tially level. If one tries to travel in a straight line in any direction 
'^<5ro8S the plateau, one soon learns that it has chaiacteristics which 
*i^ in marked contrast to its level surface. One may travel through 
the deeply sunken valleys and canyons for scores of miles, and in the 
^^*se of Snake River Canyon for over loO miles continuously, and be 
^hut in at all times by walls of rock that seem like mountain ranges 
^H either hand. 

On the plateau's surface solid rock is not in view unless it is in the 
^alls of some neighl)oriug canyon. The soil is line and deep, and not 
* pebble is to be seen. In the canyons the somber Avails on (utherside 
Hre formed, of the edges of thicik sheets of basiilt, and frequently 
columnar precipices rise ti(»r above tier, each step being from 50 to 
100 feet or more in height. The walls of the smaller canyons are in 
numerous instances from 500 to t,CK)0 feet high. The lateral canyons 
that join Snake River have a depth of 2,000 feet, that being the gen- 
eral depth to which that master stream has dissected the i)lateau from 
Lewiston nearly to its junction with the Columbia. 

The views beheld on the uplands and in the valleys are thus as 
strongly contrasted as if they belonged to entirely different regions. 
As the railroads usually follow the valleys, a traveler is impressed 
with the prevalence of black basaltic rocks. In crossing the uplands, 
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the total absence of rock exposures over broad areas frequenlly leads 
one to woiider if hoHiI rock actually exists at a moderate depth below 
the fine soil of tlie surface. 

Where the general plateau j-ises to make the lower slopes of the Blno 
Monotains, and throughout that more elevated portion of the plateau, , 
deep erosion has taken place, as well as deep rock disintegration and 
decay. The foothills of the Blue Mountains are rounde<l, and have 
beautifully curving outlines and contours. The first impresHion ont 
gets on seeing these mountains from the north and west, as from the 
vicinity of Walla Walla, fur example, is that they are composed of 
soft, easily eroded rocks. The similarity of the hills in slopes and 
general features to the forms assumed by elevations composed of ; 
unconsolidated clay or easily eroded sliales, as they waste away 
beneath the beating of rain and are cut by rivulets and brooks, is so 
striking that one is astonished when one learns that the Blue Aloao- 
tains are in reality composed of layer on layer of liorizoiitAlly bedded 
basalt, a rock that is among the most resistant' to ntechanioal wear of 
those commonly found on the earth's surface. As the reader will lean 
later, the basalt, although hard and resistant to forces tending W 
abrade it, yet yields with comparative rapidity to agencies which lend 
to disintegration and decay. The basalt iu the i-egion here consideml 
weathers readily, and the loose products of disintegration are not car 
ried away so rapidly as they are formed. A fine, soft, residual soil 
covers the land and iuiparts to nearly all it-s minor features the cha> 
acteristic flowing outlines and gentle curves so oofnmon in r^OM 
where soft rocks alone occur. It is ouly in the canyons, even in the 
elevated and most completely dissected portion of the plateau forming 
the Blue Mountains, that the angidar f<)rms due to solid i-ock exposon 
attract attention. 

The prevailing colors in the lan<lscape to be seen on the plateau'i 
surface, when not due to vegetation, are light yellowish-gray in the 
western part and dark In-own— the color of rich humus soil — in the east- 
ern portion. The bright reds and yellows so common iu many regions 
of deep rock decay, especially where the climate ia humid, nowhcrt 
meet the eye. Not a trac« of the deep red so characteristic of the 
soils of Virginia, and of the southeni Appalachian region generally, 
can be found in all of the deeply decayed surface of tlie basdlti* 
plateau. 

In a far-reaching view during the summer season over the surfaoc 
of the plateau suiTounding Ihc Hlne Mountains, i-xcept oti the east, 
and also northward througji AVIiifiiiiin iirid Sjiokiuw rniiuti"-- toSpo- 
kaue ifiver, Llie uoivei'sal colors are browji and yellow — ihe brown o( 
plowed land and the golden of wheat fields. The wheat lands as • 
rule are sown but every other year, so that practically half of tli* 
land lies fallow each summer. After the harvest, when the atubble 
fields are plowed and the soil is moistened with rain, the fields 
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ark brown and appear almost black. In the canyons, where one is 
fvershadowed and shut in by walls of basalt, the tone of the land- 
icape is always somber, and frequently oppressive. The black walls 
if rock find but little contrast in the scant vegetation. The polished 
tnd shining stems of the bunch grass, however, which grows on every 
jutting ledge and smooth talus slope, frequently clothe the dark 
precipices with a silken garment of i)early gray. 

Throughout the entire region from the Blue Mountains northward 
to Spokane River, and westward from the mountainn of Idaho for 100 
."Biles or more, the general features of the land are the same. The 
•topography is young. The streams have not advanced far in their 
rlisk of cutting away the rocks forming the plateau and of reducing 
•ke land to sea level. This appointed task, althougli well begun, has 
hen delayed, and over the central and w<»stern i)ortionsof the plateau 
its been entirely checked by a decrease in rainfall. It is a relief to 
feave this region of broad plateau surface and narrow trench-like 
^leys — not only of young ])ut infantile drainage — and visit the 
xtreme southeastern corner of Washington, Avliere a similar work 
as been carried on more energetically. The Snak(» River has there 
lit through the eastern flank of the Blue Mountain uplift and exca- 
ated a canyon about 4,000 feet deep and not less than 15 miles broad 
^m brink to brink. An important, tributary river, the (Grande 
kmde, rising in many branches in the Blue Mountains, has excavated 
ti intricate series of branching canyons, the main trunk of which is 
% deeply sunken in the rocks as the magnificent gorge of the master 
ver. In this region the topographic featur(\s were originally the 
ime as in the less completely dissected portions of th<» lava-covered 
>Tmtry, but for certain reasons the work of the streams is further 
Ivanced. The spaces between th<^ streams are no longer fliit-topped 
^mnants of the plateau's surface, but the entir<» region bristles with 
llarp-crested ridges and is diversified in a wonderful manner with 
^^ires and pinnacles. 

If a iierson climbs % the summit of one of the higher ridges and 
ftina an elevation of about »'J,()0() feet above the canyons on either 
'de, he will see that many other ridges rise to approximately the same 
eights and that what appears to be a group of sharp, angular moun- 
Uns, separated by a labyrinth of canyons with silv<»ry threads of 
ater in their bottoms, is in reality a deeply dissected plateau. The 
ipography is still young, although approaching nuiturity. The 
breams have not yet widened their valleys materially, but rapid 
Qcay has crumbled the walls between. The region treated in this 
sport thus furnishes splendid examples of the various stages in the 
rocess by which a plateau is eaten away by streams. If space per- 
itted, it would be instructive to take the reader to the mountains of 
icient crystalline rock surrounding the bsisaltic plateau on the east 
Vmi 2 



and norOi and point <mt throharaeterisfeioB of a regton tturt lue 
been exposed to the ratn^ flnmahlne, and frnrt^ and from wUdi 
streams have been canying their burdens of disintiBgnted rodr 
geologioal ages. We oonld thus learn what Is meant hy tihe term 
topography. The forms of the original npUfls are lost, and oidj 
remnants of onoe lofty mountains remain. 

The bases of the old mountains were partially snbmexged by 
overflow of molten lava that formed the plateaa of son 
Washington. The lava entered the valleyB and gaTetbemlerd 
of rook. Mountain spurs project into the i^lateau, like 
along the ocean shore. Some of the old mountatna, sepazatei 
erosion from their neighbors, were completely sunoundedlQr the 
dations of lava and now rise as islands above its soifaoe. 
Butte is an example of these ancient peeks which project thnmi^ 
lava of the plateau. These inteiesting features in the 
the border land between Washington and Idaho will be better 
stood, however, after the character and origin of tiie basattle rode 
that region are discussed. 

General charaeteristics of the <2ra«fiage.-^AIl of the lines of 
age in the portion of Washington here treated lead'to CMumbia 
The principal stream is Snake River, which flows aeross 
Washington from east to west in a deep <Miyon, which is tta 
est natural boundary in the region. Sou13i of Snake Biver, all <if 
perennial streams rise in the Blue Mountains and flow in all 
their courses being determined by the original slopes of the uplift 
the language of the geographer, these are '^ consequent" streams, 
of them, as was stated in describing the general topographic feai 
of the region, traverse deep gorges in the flanks of the Blue Ma 
tain uplift, and in numerous instances, on gaining the less undist 
plateau surrounding it, flow through deep canyons. The 
from the Blue Mountains, which are tributary to Snake River, } 
that stream in canyons that at their mouths are as deeply cut as 
canyon of the main river. 

Throughout the basaltic plateau north of Snake River the prind 
streams rise in the mountains of Idaho, and, with the exception 
Spokane River, have their sources near the Washington-Idaho bound- 
ary. In crossing the basaltic plateau, the valleys and canyons d 
these streams sink deeper and deeper. The minor streams from ttoi 
mountain are tributary to two rivers — the Palouse, which empties into 
Snake River, and the Spokane, which joins the Columbia before it 
makes its wide detour to the westward. 

Besides the streams mentioned — which, however, include nearly sB 
the perennial surface water in the portion of the basaltic plateai 
under consideration — there are minor streams, mere brooks, in fact, 
which rise in valleys excavated in the plateau when the rainfall wai 
more abundant than at present, and are fed mainly by springs and thi 
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eral seepage from soil and rocks. The chaimels of many of the 
ill streams are dry in summer, or thoir water may flow for a short 
ance, but fail to reach the main rivere. Some of these triinkless 
acbes are indicated in the accompanying map (PI. I), but as they 
sensitive to minor climatic changes they vary materially in length 
a month to month, and almost from day to day, and can not be 
irately plotted. 

nake River. — As already stated, the principal river of the south- 
;em portion of Washington is Snake River. With the exception 
he Columbia, this is the only navigable river in Washington east of 
Cascade Mountains. It has its source far to the eastward, in the 
nity of the Yellowstone National Park, and flows through south- 
Idaho. In what may be termed its middle course, for about 35 
es, it forms the boundary between Washington and Idaho, and 
n bends abruptly westward, where Lewiston is situated, and for 130 
es flows in a deep trench in the basaltic plateau to the Columbia. 
Lt the southeast corner of Washington the canyon of Snake River 
EuUy 4,000 feet deep, but below Asotin the height of its walls 
ureases, and thence to near its mouth it has a nearly uniform depth 
J,000 feet. The walls of the canyon are ijrecipit ous throughout, and 
nnmerous instances are nearly vertical for a large portion of their 
ight. This great gash in the rocks, of which the IGO miles l)elow 
rant Wilson is but a jwrtion, has l)een worn by the river in dense, 
dstant rocks. The canyon walls throughout the region treated in 
:8 rejwrt are, with slight exceptions, formed entirely of the edges 
horizontally bedded bas^ilt. The weathering of the edges of the 
Baltic sheets has caused them to recede unequally and form steps 
terraces in the faces of the precipices. Where the walls are steep- 
i they present a series of narrow steps covered with soil and clothed 
th grasses, separating vertical rises of bare and frequently columnar 
3k, varying in height in most instances from 50 to 125 feet. 
rhe canyon walls, to an observer from below, frequently appear to 
nearly vertical, but the impression of their steepness gained fi*om 
ch a view is usually much exaggerated. Owing to talus slopes on 
B shelves and the fact that the escarpments of solid rock are fre- 
ently broken by side gulches, I think it is safe to say that nowhere 
there a space half a mile in length up which one might not climb, 
.ttle and horses graze on the canyon walls in many places. Expe- 
tnce has made these animals nearly as sure-footed as goat«, but 
cached bones at the base of the precipice show that occasionally 
cidents happen to them. 

rhe walls of the canyon are scored by steep lateral gulches, with 
ttress-Iike ridges standing between. Many tributary streams enter 
3 canyon at the level of the river, and have curved and branching 
;eral canyons and gorges which extend away from the river 10 miles 
more before gaining the surface of the plateau. The work per- 
rmed by flowing water in excavating the numerous canyons and 
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tsU^b Is imprw d Te, and most striluDg examples of Btrearn eroeioi 
meet one on ereiy hand. 

Snake Biver la a swift stream, the descent in the portion belcn 
Lewialon, as detarmined by t,he United States Engineer Corps, bds| 
S.4B feet per mile, and ia Blill enga^d in corrading the bottom of ita 
j>iif.Titiai B^ildB doe to .solid rock oecur at numerous localities 
Many of theee obebiiotlmis have been removed for the purpose 
fMdUtating navigation, bat at low-water stages danger still 
a have asoeiided the river from its mouth to Wild ( 
i^atanoa at about 170 miles; but owing to nuincrouH 
a*a alioals below Biparla, where a bram^h of the Union Pacific 
TOtA now uroaaea tbe river, navigation is practically confined to tit 
portitm of tiie river vUch lies t>etween Klparia and Lewlxtnu. Othe 
navlgaUe reaoheeof the river occur above Wild Gooae RapidH, btd 
tiiey are bOTOnd Qie region under consideration. 

• of thevoliiiiii' of Snake River are not necewiHrj-to 
) beholder wit] 1 tliv fact that it is an important stream. 
Ita iHoad, awlft oarrwit ai^Mires one that the waters of a vaHt T^iziim 
aiQ.there Joomeylng to the sea. At the lowest stages the river is in 
gmeral abont 1,000 feet broad. Measurements made by ollicerH oT 
dM United Statea Vnginecr Coqis at Texas Rapids show that •26,m 
tnMo feet of water flow pftwt dunn;; .■jich second. Wben tha »nowi» 
mettisgonthe tnountaizui "( Tilahn :,w\ Wyoming the river riseflfroa 
20 to 30 feet above Its BuiiiUKi' nla^'i', and becomes a wild, nishiug 
" flood of muddy water. Ite volume at such times most he in exce«o( 
100,000 cubic feet per second. 

As has been stated, the river is still deepening its channel. Bui 
little lateral erosion has taken place, and no general flood plain \xs- 
ders its shores. Where the river forms sharp bends, more particn- 
larly in the portion below Lewiston, there are frequently deposits of 
sand which rise a few feet above ordinary high-water stages. These 
"bars," as they are termed, are in some instances 200 or 300 acres in 
area. When planted witli fruit trees and properly irrigated the* 
light, sandy lands yield splendid crops of peaches, apricots, plniK 
grapes, etc. The warm climate of the canyon is especially favoraWp 
for fruit raising. Above Lewiston, where the canyon is deeper, and 
where certain changes occur in the character of the rocks inctomng 
it, the gorge is wider than where it crosses the basaltic plateau in it* 
westwardcourse, and the terrace-like lands in its bottom are of j^reat^r 
extent, although nowhere more than a few hundred feet broad. 

An interesting episode in the history of Snake River Canyon ii 
recorded by fragments of a high gravel terrace that occur in it. At 
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nofit any locality on the bank of the canyon an olKscrvor will have 
view, usually on the concave side of a curve in the river course, a 
rrace of coarse gravel and sand, the surface of \>hich is about 300 
et above the stream. The descent from the flat surface of tlie ter- 
ice to the river is usually a smooth slope with an inclination of from 
\ to 22 degrees. The canyon was at one time tilled from side to sido 
ith deposits of the character shown in tlie terrai*e and to a depth 
toorded by the level of the dei)osits remaining. Tlie river has sinco 
^excavated its canyon, leaving fragments of the former filling at 
icalities from which the current was deflected. Tlie gravel and sand 
)ferred to show that the river, after excavating its canyon to itspres- 
it depth, was checked in its rate of flow or so greatly overloaded 
lat it could not carrj* away all the debris brought to it, and de^xxsited 
8 excess of load so as to raise its IhmI 'MtO feet. Subsequently, ro- 
ewed energj^, or a decr.ease in tlie supply of debris deli veiled to the 
:ver by its tributaries, allowed the stream to carry away the greater 
art of the material deposited. 

The gravel deposit referred to extends into each tributary canj'on.. 
[| such situations the lateral streams have cut mo<lern channels 
trough it, leaving terraces as in the main canyon. These gnivel 
eiXMsits are composed in part of worn and rounded fragments of 
aSsalty but consist principally of quartzite, granite, and igneous rocks. 
( older date than the basalt. The nature of this material shows that 
; was brought by Snake River from far up its course. The gravel 
•^M carried from the main canvon in some instances for several miles. 
p the tributary canyons, as may be seen especially along Tokanon 
Uver at Starbuck, and checked the flow of the lat eral streams. Small 
ikes were formed in some instances in the side (canyons, owing to the 
bnndant deposition of material at their mouths. 

Terraces similar to the great terrace in Suake River Canyon oc<!ur 
long the upper Columbia on the border of Spokane River, and io a 
)88 marked degree in the canyons and valleys of the streams flowing 
rom the Blue Mountains, showing that the wi<lely extended influence 
'hich caused the streams to deposit a part of their lomls afTecte<l a 
ery large jwrtion and probably the whole of the hydrographic basin 
t Columbia River at a comparatively recent date. The nature of 
16 change which caused so many streams to partiall}' flll their (^lian- 
els and then reexcavate them will be discussed later. 

TVaUa WaUa River. — This is one of the few streams having river- 
ke proportions which rise within the region covered by the Columbia 
kva. Its various branches head in the north(»rn and northwestern 
ortions of the Blue Mountains and follow westerly courses. Their 
nited waters, which enter the Columbia at Wallula, form a stream 
lat in late summer has an average width of 50 to GO feet, and dis- 
larges by estimate from 100 to 150 cubic feet per second. During 
igh.water stages their volume is increased many fold. 
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la oonuaon vith all otlier Hlroivnis in southeastern WashingtoD, t 
WbUa Wslla Ib olear except after niina, aud furniabes whnltAonu 
wrier tor dbmeBtio use. Wtieiu tht> many braBclies of the river leavo 
the monntainB they Are MpeciaJly clear, for the reason that thej an 
nqqdied hy iaflltnitiaii, and all luatter in suspetisicin hus Iwea 
removed. The Walla Walla and ils branches fumi»h iDstnictife 
examples of what geogtaplierH term "consequout" streaniK — that 'a, 
streams whioh are dizeoted iu their eourse by the original surface 
slope of the land. As has been stated, the Blue Mouutainij aro u 
iqiimlsedpoitioiiof thebasnltitr plateau. The nplift has iho funu,i( 
the north tA least; of a low. n;it-topped dome, in which tho nwks art 
.hotisontal exoept about th«' ^a^nMy inclined mai^ins. Tlie geneni 
plateaa sarfaoe to the northward, as abready stated, slope!) gentif 
westward. The streams from the mountains radiate in all direetiona, 
bat those which reaoh the lower plateau change their courses in 
obedience to the general slope of the snrfnco in which they hare 
snnken their channels. This is seen espceially in Toucliet lUver, 
the principal tributary of the Walla Walla from the north. Thi< 
stream Is formed by the union uf several branches which start on tiie 
norOi Side of the Bine Mooiilains aud flow northward down Uie^enlle 
tiop6 of that uplift nntU tfa'' U>wer plateau is reached and then bend 
westward. The tronlc stieiuii of the Touobet has its direction deter 
mined by the weetvntrd slo]>o nf the plateau it traverses for 2\) iniK 
This slope Is not oontinuedi" HjcColumbia, however, but an upltt^av^ 
of another portion of the tabieland lying principally to the west (f 
that river, and briefly descriln-d in the next paragraph, changes the 
direction of the Touchet ami caus(e.s it to flow southward for about li 
miles before joining the Wiilhi Walla. 

Immediately south of Wallula is another block of the Columbia 
lava, which, as previously stated, has been gently tilted. The tilting 
is so moderate and affects such n large area that the edges of the lava 
sheets appear horizontal. The upraised area is bounded on the nortb 
by a line of cliffs near the Columbia. When followed eastward, these 
cliffs lose the precipitous character aud change to hill slopes wbieh 
die away, some at a distance of ao or 25 miles. This line of abrupt 
change in slope probably iiidicat<»a the presence of a break and tie 
upheaval of the rocks on its southern border — that is, the uplift has 
been by faulting. In looking westward frara the Blue Mountains, it 
is evident that the uplift just described has given a southeosterif 
slope to the surface of the country, which extends far southward into 



The Walla Walla River on leaving the Blue Mountains flows west- 
ward in a deep canyon, the direction of which was determined by the 
slope of the uplift. At the foot of the mountain it emerges as a but . 
face stream, and is turned northward by the slope produced by the 
upheaval south of Wallula. Not only does the branch of the Wallk 
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Walla, for which the name of the trunk stream is retaine<l, l>ehave in 
the manner described, but several other 1)ranrhrs, of wiiioh Cotton- 
r woody Russell, and Mill creeks are tlie most iiii{M)rtant, also l)eeomo 
[ Borface streams on leaving the mountains. Mliose various bninches, 
where they come together in the vic*inity of Whitman, alntut (> miles 
west of Walla Walla, are depositing the loads they carry during flooils 
[ and building up their cimnnels and flood plains. On account of the 
, filling that is in progress, some of the branches, notably Mill Creek, 
divide, after the manner of a stream on its delta, and contribute their 
\ waters to the Walla Walla througli two or more moutlis. As one con- 
tinuesondown the W^alla Walla to its junction with the Columbia, 
>.itB channel grows gradually dee]>er and deeper, and below the mouth 
i of the Touchet and near Wallula is certainlv 50 or <l() feet below the 
' general surface. 

This abnormal behavior of the Walla Walla and its branches has 
led to legislative enactments which determine what proportion of the 
waters should be allowed to flow through certain of the bifurcating 
channels. 

[ The manner in which the streams near Whitman are raising their 
!■ channels so as to allow their waters to divide is a matter of much geo- 
r graphical interest, as it indicates that movements in the basaltic pla- 
teau are still in progress. The depressed region between the Hlue 
fountains and the smaller uplift to the west is probably slowly sink- 
ing. The rate of this subsidence is such that the streams are barely 
able to keep pace with it by gnuling up their beds. During high- 
water stages, I have been informed, expansions of the streams occur 
which resemble lakes. The expanded watcM-s of the creeks are then 
united and much of the individuality of the various channels is lost. 
The several branches of the Walla Walla furnish excellent sources 
of supply for town water and for irrigating purposes. In another 
section of this report the manner in wliicli Mill C-reek is utilized at 
the city of Walla Walla will be described. For puriK)ses of irrigation, 
in order to make full use of the natural conditions, it will be necessjvry 
to Btore the winter run-off in the canyons of the Hlue Mountains and 
hold it for summer use. If this can be done economically, a very 
large portion of the rich lands along the Walla AValla and its t ributaries 
can be made many times more x)ro<luctive than tlu^y are at present. 

Tokanon River, — This so-called river and its principal branch, the 
Pataha, rise on the north side of the I>lue Mountains and entt^r Snake 
River through a deep canyon. The Tokanon an<l Pataha How north- 
ward in their upper courses, their direction having been (h^termined 
in their infancy by the slope of the surface, but before uniting they 
curve westward, in obedience to the gentle westward inclination of the 
plateau into which they have carved their channels. After the Pataha 
joins the Tokanon the latter fk)w\s w(;st for G miles and then turns at 
a right angle on entering a gorge which leads it to Snake Blvor. A 
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Oftreful siin'ey would iii-ulwibly show that the Toknnon in its yont 
continued to flow wostward and t>ei!iune tributary to the Touelipl, bul 
that it M-ao diverted at. the present site of StArbuclc ljy a small Iiigli- 
grade stream that flowed to the Sualie. 

Tlie Tokaiioii at its mouth is but a, bi-ook iu sunitner, across whidi 
one may Rt4>p uu the larger stones istrenii along its channel without 
wetting one's feet. The PatJilia was dry in its lower eonrse when 
visited its valley iu Au^^^ust, and had shrunk hack as far as PoN' 
roy. The canyons and valleys through which these two streams flof 
are deep and oat of all proportion to the streams that occupy them 
In its lower cmirae the Tnkanon is nearly S.IXXl feet below the genenl 
level of the adjai;ent plateau. Many other examples of tliia iiatUK 
indicate that the utreams of the ba.saltic plateau were formerly latgw 
and more nuiuerous than at present. 

Deadmon Cre^k. — The creek with this doleful name, which, how- 
ever, is stiggostive of its own nearly t«nninated existence, is an 
exception to moat of the streams of the basaltic plateau, for ti* 
reason that it does not rise in an elevated region, but is suppli<>d in a 
feeble manner by the rains falling on a portion of the platean that is 
almost completely cut off by deep canyons from all other portions. 
The deep, canyon-like valley tJu-ough which it flows has a steiep grade 
and many branches, some of which ai-e now dry. Its catthment 
basin when the drainage was most vigorous was about 100 square 
miles in area, and the development of the streams had progreswil 
until its Qumerons branches furnished a convenient avenue of escape 
for the waters that fell on everj- part. The stream in its days of ^igor 
cut down its channel nearly to the present level of Snake River— thst 
is, to a depth of about 3,000 feet — in the solid basalt. At present, a 
already stated, many of the once tributary valleys are dry and desi- 
late, and the trunk stream is shrunken during the summer season U> 
a mere rill. The soil throughout the valley is deep and rioh, bnt 
there is no water for iiTigation, The hillsides and the remnants of 
the plateau surface are also fertile, and fortunately absorb sufficient 
moisture from the light rains and winter snow to admit of their cnlti- 
Tation for wheat. 

Alpowa and Asotin creeks. — The drainage from the northeastern 
Blope of the Blue Mountains iu Washington is conducted to Snake 
River thrtmgh two channels, known as Alpowa and Asotin creeks. 
Each of these creeks rises in many branches on the slopes of the 
mountains, and all at first are surface streams, but on acciunt of 
the cutting down of Snake River Canyon, into which they dischar^. 
they Lave sunk deeply into the plateau and near their moutlis have 
lowered their channels as rapidly as the master river. The Alpowa 
little more than a brook in summer, Imt its waters serve to irrigate 
some 300 acres of orchard lands near where it joins the iSnake. Tiie 
Asotiu is large and brings a neTer-failing supply of pure water to (be 
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Me town of Asotin. A costly irrigating canal is now being built 
•r the purpose of conducting its water to a broad area of bottom land 
1 Snake River Valley opposite Lewiston. Some account of this bold 
idertaking will be given on another page. 

Ghrande Ronde River. — On the east side of the Blue Mountains the 
rainage is through a deep, wild canyon, whicli furnishes' the finest 
ienery that can be found in southeastern Washington. The river 
lat excavated this canyon is the Grande Ronde — or, as it is usually 
Jled by the inhabitants of that region, the "Grand Round" — ^a 
right, swift, winding stream that is walled in on either side by preci- 
loes and mountain-like slopes 3,0()0 feet high. The canyon is not a 
Bmrow gash, for the upper portion of its inclosing walls have receded, 
nd side streams, most of them temporary rills, have cut a multitude 
f steep, lateral gorges, between which outstanding buttresses extend 
IT into the main gorge. In many places ridges that descend the oppo- 
ite sides of the canyon overlap in its bottom and the stream makes 
tiarp curves in order to pass around their extremities. The main tribii- 
iries of the Grande Ronde, like Joseph Creek, which is indicated on 
16 accompanying map, have also sunk deeply into the basaltic table- 
knd, as has each branch of these secondary streams. A great region 
lat, but for the excavating power of the streams draining it, would 
B a flat-topped plateau, has been transformed into an intricate, 
ranching system of sharp-crested ridges, with profound gorges and 
uiyons between. The general height of the land has thus been 
kluced about 1,000 feet, but the sharp, angular mountains that have 
den sculptured out of the upraised block are so steep and their crests 
} narrow that their loss in actual elevation is scarcely appreciated. 
The canyon of Grande Ronde throughout the lower 20 or 30 miles 
fits course is in general 2,700 feet deep. The distance between the 
rim rocks" bordering its walls is from 8 to 10 miles. The great 
ittresses that start from the main walls, however, extend far out 
ito the canyon and make its width seem much less than it really is. 
hroughout the entire region drained by the Grande Ronde the 
Kjk, as in the lower plateau to the north of the Blue Mountains, is 
isalt in horizontal sheets. Everywhere throughout the rugged walls 
lat remain the horizontal courses of black basalt may be distinctly 
allowed. A magnificent example is thus furnishcMl of the dissection 
' an elevated plateau consisting of horizontal layers of hard rock by 
le slow process of weathering and stream erosion. 
A peculiar feature in the topography of the canyon of the Grande 
onde, and one which adds greatly to the interest of its wild scenery, 
the manner in which the spurs from the bordering mountain 
alls project into the gorge and overlap or dovetail. These lateral 
dges decrease in height from the borders of the canyon toward its 
>ttom until a height of about 1,000 feet above the river is reached; 
Ley are then prolonged at about the same level nearly across the 
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I ut the canyon. Tho crosls of tlic Ul«i-&1 spurs wheii> 
piQJeot fnr Into iIih ttanyun &i-e sharj' t"i<^I serrated and end in itnui 
jdOM. Betwet'ii tlu*8e interlocking spura tho river luakeH lung hendl 
and flowrt ahuiil Ihitse steep extremities in abrupt cui-ves. T]w »luK^ 
» ridgos prujeeting f mm the north wall of the canyon frei^uenllf 
aliuoHt completely across the eauyon and enter reenlranl 
1 in tile Boiith wall. Between the cliffs fonuing the ends <i 
fli MO Spurs and tlie precipitous and frequently apparently vertical 
■oatb wall the river flows in a narrow, rocky channel. 

It toimposslble to describe briefly the peculiar topography of (tranile 
Bonde Canyun so aii to convoy an idea of its ruggedness and of Ibe 
jaMHJ peculiarities due to the interlocking of lateral ri<lge8 jusi idcji- 
tkuwd; but if we imagine the canyon us having lieon cxcnvattH) uit 
depth about 1,000 feet \esn than at present and widened so as tote 
AbOtU S miles broad at the Iwttom, we shall have the general chanu'W 
of tbe upper gorge in mind. If over the nearly level floor of thiswidc- 
'bottomed gorge we see the river winding from side lo side, and at Ik' 
wdiof the southward inirves cutting at the base of the cliffs bordering 
flia V«lley on that Bide, and then fancy the region elevated a thousand 
feot, M as to give the Btream renewed energy and allow it to cut a 
tartiUnis gorge in the bottom of the older valley, the ridges between 
Ihe at^pt l>ends weathering to sharp crests and pinnacles, we Hhall be 
aMe toappreeiate not only the characteristic features I have atteiuplt^ 
to describe, but their nio<Io of origin. 

Two roads cross the canyou of Grande Ronde from north tji souUi, 
but the excessive ruggedness of the canyon's bottom has thus ftir \in- 
vented the construction of even a safe bridle trail from east loweet 
along the river. 

Next to Snake River, Grande Ronde is the largest sti-eam in south- 
eastern Washington; but owing to the almost complete absenca of 
bottom lands throughout that poilion of its course which lies in Wash- 
ington and for many miles south of the boundary, il,s waters can not 
be utilized for irrigation. Far south in Oregon the topography is 
different. Broatl bottom lands there exist and the conditions aie 
favorable for iijrricult Lire, Luxunant, l>uiii-h -niss iihoini'ls. !in«vi.T, 
throughout the Blue Mountains and on the steep canyon sides. Stock 
raising is there the natural industry, but excellent fruit can be grown 
in all of the deeper valleys aud gorges. In the gardens about the fe« 
bouses and cabins that have been built by stockmen in the canyoiu 
of Grande Ronde and Josepb Creek vegetables of many kinds gro* 
luxuriantly when properly irrigated, and tobacco plants as lar^ uA 
fine as any in Virginia or the Carolinas are now raised for domestic ose. 

Palouse River. — North of Snake River are a number of streams tlut 
head in the mountains of Idaho and flow westward in channels which 
increase progressively in depth, and iinally become steep-sided can- 
yous. The generally westward direction taken by these streams in 
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eir infancy and retaincHl as lli<»y excavated tluMr valleys and oan- 
ns in nearly horizuntal slie<?ts of basalt was dotermined by the gen- 
> westward inclination of tho plat4>au — tliat is, they are consequent 
"eamsJ These streains unite to form Palouse liiver, a tributary of 
ake River. Tliis river was not examined <iurin^ the reconnoiss^mce 
lich furnished the ]>asis of this re|K)rt, but is uiidei*stood to l)eeom- 
rable with the Walla Walla in size. Synions stat(»s, in tlie reimrt 
3t referred to, that ** the falls of the Palouse form another of the inter- 
ring objects of this section. In the lower portion of its eounst^ the 
.louse flows through a deep fissure? in the basaltic rocks, portions of 
lich take fantastic forms, as towering pinnacles. At the falls the 
'er descends i)er|)endicularly for al)out 120 feet into a narrow basin, 
)m which it flows off tlimugli its deep t'anyon for about U miles to the 
ake River." The fall in the Talouse, what<'vtM' may \h\ its history, is 
narked exception to the 4*ven gradt* estal>lislied by, I think, all asso- 
kted streams, excepting Si)okane River, and should (*laim attention, 
it only from geogi'aphers, l>ut from those interest e<l pracstically in 
kter power and irrigation. The abrupt change fmm a westerly to 
southerly direction that tlui Palouse^ makes in its lower course is 
rhaps due to a diveraion of the river by the cutting back of a small 
g;h-grade sti*eani flowing to Snake* RivcM-. I fancy the falls have 
me connection with such a <*apture of the low-grade and compara- 
'ely sluggish river by a smaller but more (energetic rival. 
Owing to the presence of shec^ts of clay and siind interleaved with 
9 basalt in much of the region drained by the Palouse, springs are 
merouB along its branches, and supplement in an important manner 
3 drainage from the mountains. 

Fhe broad plateau surface adjac*ent to the ''Palouse country" on 
5 south and west has not l)een visite<l by me, but, as shown on the 
kps of the Unite<l States land survey, it drains westward. The 
ible streams are fre<iU(Mitly interruptcMl and small lakes are formed. 
16 origin of these lakes has not l)een (explained, but the suggestion 
made that the streams occu])y old drainage channels that, have been 
rtially filled with sand and soil deriv<»d from the adjacent i>ortions 
the plateau. These lakelets are apparently similar in many ways 
Moses Lake, in the Wig Bend country, which is held l)y a dam 
■med of drifte<l sand.^ 

Sjpokane River, — Like the Snake, this river heads in the moun- 
ns, well to the east of the basaltic i)lateau of southeastern Wash- 
5ton, and flows across it, much of the way in a deep canyon that 
s been excavated in horizontal sheets of basalt. As in the case of 



[t has been suOTeiited by T. W. SymonH, in a Roi)ort on the Upper Columbia River, Wash- 
ion, 186SB, p. 116. that tho 8tri>ainH hero roftrrrvd to hiivo had thoir t'otirM^s determined by 
stern which moved in the general direction that thoy follow. My ol)84^rvatiou8 failed to sua- 
. this suggestion, as no eviden(r« of the former preueuc^o of glacial ice was found anywhere in 
liciantTim Washington. 
Ina U. S. GeoL Survey No. lUB, 18Ki, p. 96. 
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Snake River, also, the canyon of Spokane River was deeply filled with 
gravel at a recent episode in its history, and has since reexcavated 
its channel in part, making an inner st^ep-sided gorge in the gravels 
that fill the older and wider valley up to a certain level. When the 
stream renewed its work of excavation it did not flow in a straight 
course over its gravelly bed, but in curves. As the channel was 
deepened, projecting spurs of solid rock in the buried valley were 
discovered and had to be cut through before the modern gorge could 
be extended upstream. Some of the ledges of basalt that the stream 
met with as it progressed with its task of reexcavating have been cut 
through, but work is still in progress at one of them, as is shown at 
Spokane City. A curve in the course of the stream, when it began 
to clear out the gravels it had previously deposited, carried it across 
a buried ledge. This accident, as it may be termed, led to the growth 
of the thriving and beautiful city of Spokane. 

A gauging station was established on this river at Spokane, Wash- 
ington, in October, 1896, the gauge being at the bridge of the Oregon 
Railway and Navigation Company. The drainage area at this point 
is 4,005 square miles. A measurement made on August 27, 1896, by 
Mr. Cyrus C. Babb, when the water stood at a height of 2 feet, gave 
a discharge of 2,937 second-feet (cubic feet per second), while a later 
measurement, on October 17, 1896, at a gauge height of 1.4G feet, gave 
a discharge of 1,722 second-feet. 

Precipiiatian formerly viore abundant than now. — Throughout 
southeastern Washington there is abundant evidence that the rain- 
fall was formerly greater than at present, and that the streams were 
larger and more numerous than we now find them. This is shown 
particularly in those portions of the plateau which are not crossed by 
streams flowing from the mountains to the eastward, as, for example, 
in the region with slopes leading to Deadman Creek, and over still 
larger portions of the plateau situated to the west and north of 
Palouse River. The valleys and canyons in the districts mentioned, 
while without question due to stream erosion, are disproportionally 
deep and wide in reference to the streams now occupying them. In 
many instances deep, trench-like valleys, such as streams are known 
to make, and which lead to similar valleys now occupied by water 
courses, are flat bottomed from side to side and entirely without 
drainage channels. Evidently in such instances there has been no 
surface drainage for a long term of years All the rain that falls is 
at once absorbed by the thirsty soil. 

Similar evidence of a former period of greater humidity than the 
country now enjoys can be had throughout the basaltic region of 
southeastern and central Washington, as has been stated in a pre- 
vious report.^ 

The time of the abundant precipitation, when the most marked of 

> BuU. U. 8. aeol. Survey No. 108. 
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what may be termed the secondary topograpliic features of the l)a- 
saltic plateau eame into existence, may for several reasons Ik» consid- 
ered as the Glacial epoch, when tho higher mountains of Washington 
and Idaho were occupied by extensive snow fields and glaciers. 

GEOLOGICAJ^ FORM^VTIONS. 

The geological problems presented in southeastern Washington are 
ample and easily understood. The rocks in this region fall conven- 
iently in eight divisions. Tliese are, briefly: 

1. Crystalline and metamorpliic rocks of unknown geological age, 
consisting principally of schists, gneisses, granites, and quartzites. 

2. Dikes of igneous rock, which break through ami are intimately 
associated with the metamorpliic terranes just mentioned. 

3. Coal-bearing sandstones and shales of Tertiary age, which form 
the surface at the eastern base of the Cascade Mountains and extend 
indefinitely eastwanl, nmy occur in southeastern Washington l>eneath 
the lava which forms the next group of rocks here enumerated. 

4. Vast basaltic overflows, which cover all of the plateau region of 
central and southeastern Washington 'ind extend widely into neigh- 
boring States. These rocks were poured out in a molten condition 
during what is known as the Tertiary period of geological histor}\ 
This formation has been named the Colnnibia lava. 

5. Interbedded with the shtM^ts of basaltic rock composing the Colum- 
bia lava are beds of clay, sand, volcanic dust, and lapilli, which were 
deposited in part by streams and in pait in lakes during intervals 
between the lava flows. 

6. Above the Columbia lava in certain loc*alities tht»re are thick 
deposits of gravel, clay, and volcanic dust, constituting what is termed 
the John Day system. The rocks of this system were deposited in a 
Tertiary lake named Lake John Day. 

7. In the canyons of Snake an<l Spokano rivers an<l along several 
of the more imi[)ortiint sec(m<lary str<'anis then? are deposits of gravel 
and sand which were laid down l)v these streams after thev had 
excavated their channels to their pn»sent depth. 

8. As imi)ortant as any of the vork groups just enumerated, but not 
usually classed as an indepcMident geological formation, art* the soils. 
Reference is here made esiwcially to the deep, rich soils that mantle 
practically the entire surface of the Columbia lava. These soils are 
almost entirely a product of the ciisintegration and decay of the under- 
lying basalt and represent what are ternuMl residual soils. Mingled 
with tho residue left by tlie decay an<l i)artial solution of the basalt is 
ft minor quantity of volcanic dust which was blown out by some dis- 
!»nt volcano and scattered widelv over the land bv the wind. 

Elach of the rock groups briefly (^numerated extends far beyond the 
•egion treatfMl in this re^wrt, and in pail has be(»n d<»scrib(Ml in a j)re- 
rMOUS publication.^ 



1^' 
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METAMORPHIC ROCKS. 

Ill the report on a geological reconnoissance in central Washington, 
just referred to, there is a brief description of the crystalline rocks 
occurring in the mountainous region north of the Big Bend of the 
Columbia. From what little is known of the geology of northern 
Washington and western Idaho, it seems evident that this same great 
system of gi'anites, schists, quartzites, etc., not only forms the moun- 
tains bordering the basaltic plateau, but to a considerable extent the 
floor beneath it. These ancient crystalline rocks were elevated into 
mountains and deeply eroded before the Columbia lava was poured 
out. The deep trench carved in the basaltic plateau by Snake River 
has revealed the underlying rocks at three localities. 

Oneiss^ at Granite Point. — The firat exposure of metamorphic rock 
met with on ascending Snake River is about 24 miles below Lewiston 
and is known as Granite Point. The rock in the bottom of the canyon 
at this locality is granitic in character and is what is known commer- 
cially as "granite." More strictly speaking, however, it is a gneiss— 
that is, a rock having the same mineralogical composition as granite, 
but in which the minerals are arranged in bands and folia. The rock 
is dark in color, owing to the abundance of black mica scattered through 
it in irregular bands. 

At Granite Point this rock is exposeil on each side of the river for » 
distance of about 1,500 feet and rises to a height of 160 feet above the 
water. The can^^on walls, rising fully 2,000 feet above the gneiss, are 
composed of the edges of horizontal sheets of basalt, and show the 
minimum depth to which the summit of the ancient hill, i>erhap6 » 
prominent feature in old topography, was buried by the basaltic 
overflows. 

The gneiss has been opened by quarrying to a depth of a few feet, 
but it is of dark color, of rather coarse texture, and has a foliated 
structure, which will probably preclude its use as a building stone 
except for rough masonry, such as the abutments of bridges, founda- 
tions, etc. The rock is fresh in appearance, and no products of dis- 
integration mantle its surface. Evidently the portion exposed is flie 
summit of an elevation from which, previous to the inundation of 
basalt, loosened fragments were carried away as rapidly as they orig- 
inated. Both up and down stream from Granit<3 Point for scores of 
miles the walls of the canyon are composed from bottom to top of hori- 
zontarlly bedded basalt. Downstream, however, esx)ecially on the left 
bank of the river, a westerly dip in the lower sheets of basalt, amount- 
ing to i)erhaps 2 degrees, can be detected. This is one of the few 
instances throughout the basaltic plateau to the north of the Blue 



> The designation of this rock as a y^nolss is from flold notes and is proviaional. There are 
reasons for believing it to b^ a quartz-diorite, and therefore igneoos and not metamorphic in 
origin. This same remark applies also to the rook occurring at Qrauite Point, a few miles sosth 
of Pullman, mentioned on jMtge 37. 
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KountainR in which any dopai'turo of the lava »heets from a horizon- 
tal position has been olwcrved. 

Schists al Buffalo Rork. — About 15 iiiilos up the Snake River from 
tiietown of -iVsotin there is a locality known as Buffalo Ko<^k/ which is 
of special geoloj^eal interest. Tliis locality can be reached conven- 
iently from Asotin by following a roa<l recently opened along the west 
side of the river and at tlie basi\s of the great i)rocipices of basalt tliat 
form the canyon walls. Above Asotin the canyon of Snake River is 
deeper than below that locality and furnishes many striking exposures 
of columnar basalt, which rise tier on tier to a height of over 3,<)(K) 
feet. In the neighborhood of I^uffalo Rock, however, an important 
change occurs. The metamoriihic? rocks which formed the surface of 
the country before the vast inundation of moltcMi lava took place 
again appear above the level of Snake River and rise at least t?,(K)0 
feet into the horizontally bedded basalt. The river has cut its gorge 
across a buried mountain so as to exi)ose tiic rocks composing it for 
about a mile on each side of the stream. The horizontal layers of 
basalt abut against the steep sides of the old mountain and show no 
evidence of disturbance at the contact. It is (»vident that the lower 
rocks have not been forced u])ward into the basalt, but that the lat- 
ter was j)Oured out in successive sheets and flowed about a moun- 
tain of schist and finally overt^)pped its summit an<l buried it from 
Bight. Additional overflows of the sanu^ character were spread over 
the site of the buried mountain and r(^ache<l a thickness of fully 1,000 
to 1,500 feet above its summit before Snake River began to excavate 
its canyon. 

The sides of the buried mountain, where th(?y fii^st appear above the 
river, are steep and without t^lus slopes or other i)nMlucts of disinte- 
gration. Although 3,(X)0 feet of horizontally bedded basalt are exposed 
in the canyon walls adjaccjnt to the outcrops of schist, it is evident 
that the valleys of the old land lie below the level to w^hich Snake 
Eiver has corrjided its channel. 

Where thp schists rise from the river and form the lower portion of 
the canyon italls, marked change's occur in the topograpiiy of the pro- 
found gorge. \The horizontal lint^s an<l bands formed by the edges of 
lava sheets gi^e place to apparently structureless walls, which are 
extremely precipitous. The schist is more resistant to atmospheric 
agencies than the basalt, and the gorge cut in it is narrow. Vertically 
above the schist the canyon widens, so as to make reentrant angles in 
its general course. This increase in the width of the gorge above the 
Bchist is especially conspicuous when viewed from its borders. 

The rocks which cause these important, changes in the character of 
the canyon are mostly greenish, spotted sciiists, and are evidently 

iTbe name, I havo been inrormo<1, rofcrs to certain rock inBcrii)tion8 made by Indians, some of 
which are thought to repn^ent buffalo. A larf^o r<M'k on tlio wost Nido of the river 18 covercMl 
irlth fiffores made by i>onndinfc the-surfaco with a flull instrument, probably a pebble. Similar 
iMigiisare Mid to occar also on the rocks of the opposite shore. 
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P of sedimentary origin, as well-roimded jwlibles and anj^ular masses of 
nx;k may still be reeoguized in them. Samples may be collectetl show- 
ing a trausition from eonglomorato, iu wliich the pebbles are still 
prominent, through sehistoso rock L-ontaining Hattened and elongated 
pebble, to greenish srhiet with spotB and blc)t<;hes dne to altered peb- 
bles, and from these, again, to fine, even-grained, silky aehists of uni- 
form color. Near the sonthern end of the expoauro there are rocks nt 
jp plntonic origin ' which appear to be dikes breaking through the schist, 
^ but as a similar rock occurs a^ pebbles in the sohist, it is evident thst 
at least some of the inlrusives were formed before the material sinif 
metamorphosed was deposited. 

tTlie schists are traversed by smali veins of qnarta, which are prob- 
ably gold bearing, as gold is obtained by placer mining in the gravels 
k and talus slope bordering tlie riier. What success has attended iheBo 
mining operations I was unabli> to learn daring my brief visit. No 
true iissure veins were aoou in the sdiists, and from such examintttions 
as I was able to make it seems doubtful if quartz mining will ever bo 
profitable. 

Schistsat Wild Qoosn Creek. — rpstreamfrom Buffalo Rock one may 
follow the river by a bridle trail to beyond the nioutb of Grande Ronde | 
River, a distauee of about 8 miles. Throughout this portion of tlie , 
canyon the walls are precipitous, frequently rising in sheer cliffs, and 
are composed from base to summit of horizontally bedded basalt. The 
canyon walls increase in height as we tiscend tlie river, and at lbs 
mouth of the Grande Ronde are about i,000 feet high. The actud 
margins of the canyon, however, recede from the river, and it is only 
when one gains a commanding point on the rim of the vast gorge, like 
the summit of Mount Wilson, for example, that itiifull grandeur is 
revealed. 

Just above the month of the Grande Ronde metamorphlo roeb 
again rise above the level of the river and form a lai^ part of th» 
canyon walls for at least a score of miles. The full extent of thia fiite 
exposure is not known, but it is prolonged far to the soath of tlH 
southern boundary of Washington. The metamorphic rocks appear 
suddenly above the level of the river at a locaUty abont a mile soath 
of the mouth of the Grande Ronde, and rise from the water in what 
appear to be vertical precipices to a height of approximately 2,500 
feet. 

The leading phenomena presented at Granite Point and Buffalo 
Rock are here repeated, but ou a grander scale. The horizontal 
basalt abuts against cliffs of schist, and shows no change at the con- 
tact. The sides of the buried mountain range, as seen in section in 
the canyon walls, are precipitous. On the east side of the river, 
where the schist first appears as one journeys upstream, the bturied- 



uoFthiB rock bare been oiuulDed by Mr. J. S.Diller, who states that ft !•> ptc- 
pbyrr , comtwaed chiefly of ^anular quartz with mach biotite, Fanntoii a groaadBMa* tn wbU 
He ombadded pbenocryals of qoartl and, rddspar, chiefly pla^ocla«o. 
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loantain side slopes about 45°, and is free of debris. The base 
f the mountain is evidently far below the level of Snake River. 
!ach successive layer of basalt extended farther and faKher over the 
tetamorphic rocks, until at a height of about 2,500 feet the Hummit of 
le range is covered. The horizontally bedded lava alxjve the highest 
eak of the buried mountain is not less than 1,500 feet thick. A 
«ar section of fully 4,000 feet of horizontally bedded lava sheets is 
lere exposed, but the base of the pile is not seen. 
The metamorphic rocks that appear l)eneath the basalt between the 
louth of Grande Ronde River and Wihl Goose Ci'eek were only 
twtily examined, and attention can only be given at this time to their 
lore general features. 

The rocks are plainly of sedimentary origin, as their stratification 
I prominent. They have a t hickness of several thousand feet. The 
brata in the northern part of the section are inclined northward at 
n angle of 40*^ to 45"^, and in places ai'C nearly veilical. A great 
ome of ancient rocks has been cut through. The upper layera of 
he dome are thin-bedded siliceous limestone containing indelinite 
OBsils;' beneath this are thick layei*s of thinly laminate, granular 
imestone, containing some silt and organic nuittcr, which appear in 
onspicuous white ledges. This rests on schist*i that show a diversity 
t colors, varying from green to red, imd are frequently fine and 
ilky in appearance. Marked contrasts are apparent in the st^hists, 
ome layers being schistose conglomerates or breccias, while others 
esemble the finest roofing slate. The schist has great thickness, and 
I believed to rest on granite The lower c<mtAct of the schist was 
otseen, but granite occurs abundantly in the pebbles along Snake 
tiver, and is reported by miners to come to the surface a short dis- 
uiee above Wild Goose Creek. The topography in that region Iwars 
at this statement. 

No more than a haaty outline of the character of the rocks her(» 
rferred to is iwssible at this time, as my opportunities for observa- 
ion were, for several reasons, very limited. It seems evident, how- 
ver, that a broad uplift, with a granite core, p^issing upward into 
eliist and then again into but moderately altered limestones, was 
uried beneath the basalt and again exposed and <leeply di8se(*t<Hl by 
rosion. Tlie geologic age of the schists and limestone is unknown, 
ut a careful search in the limestone would very likely reveal fossils 
y which it might be determined. 

Standing on the summit of Mount Wilson, which is a remnant of 
18 basaltic plateau left isolated by the cutting of thecan^-on of Snake 

'Samples of this limcstono hare boon studied by Mr. J. S. DiIler,who reports that thin atc- 
MM examined tinder the microecope '*do not show fossil forms nearly so distinctly as the 
Mitlierad surfaces. The 8i)ecimen was shown to Mr. G. H. Girty, and he agrees with me not 
ly that Uie fossils are crinoids, but that one of them has a pentagonal stem. Crinoids with 
ms of this sort are not definitely known to be older than the Permian, and it is probable 
ftt tills one is considerably later. The sjiecimens examined look very much like the Triassio 
leatone of California, in which fossils are abundant.'* 

IBB 4 3 
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River and the much narrower but nearly as deep gorges of Joseph 
Creek and Grande Ronde River, one maj^ command a far-reaching 
view of the deeply dissected region about, and may read the leading 
facts in its geological history as plainly as from a printed page. 

Eastward from Mount Wilson one beholds tlie deepest and wildest 
portion of Snake River Canyon. Fully 50 miles of the great gorge are 
in full view. To one familiar with the narrow, trench-like character 
of the same can3H>n for 100 miles or more below LewisLon, it is at once 
apparent that marked variations in nearly all its features ac*company 
the change produced by the unearthing of the buried mountain ran^ 
already briefly described. The canyon is decider, also, than farther 
downstream, for the reason that Snake River has here cut across the 
flank of the Blue Mountain uplift. Where the metamorphic rocks 
form a large portion of the canyon walls the excavation is probably 
four or five times as wide as where it is cut wholly in basalt. The 
distance from the remnant of the old plat-eau surface forming Mount 
Wilson across the canyon to the fringe of pines growing on the crest 
of the opposite wall is, by estimate*, fully 15 miles. In this interval 
there is what seems at first a bewildering maze of mountain-like ridjres, 
palisades, towers, and battlements. Many of the fonns are strikingly 
architectural in appearance. Vast buttresses of schistose rock, rising 
precipitously from the depths of the canyon, form the basements of 
huge castle-like masses of basalt, in which the horizontal bedding re- 
sembles courses of cyclopean masonry. The student of topographic 
forms se(»s at a glance that not only the more prominent features 
of the rugged landscape, but the details in the sculpturing of the 
seeming castles and palaces conform to well-known laws of erosion, 
weathering, and rock structure. In the upper portion of the canyon 
walls the horizontal bands formed by the edge of lava sheets may l)e 
traced on either hand as far as the eye can reach. Many of the lava 
sheets are columnar. The long colonnades, lessening in perspective, 
may be followed into each alcove and lateral gorge, and far out on 
the buttressing ridges. At the ends of many of the spurs there are 
groups of towel's and pinnacles formed of the ruins of isolat'Cd masses 
of columnar rock. 

Below the basalt are sharp crests and ridges rising between lateral 
gorges that lead down from the battlements above to the silvery 
thread formed by the river in the depths below. In the lower por- 
tions of the canyon walls, where schists and granite are exposed, the 
prevailing lines are vertical, and are due to the erosion of lateral 
streams and rills. Where the lateral ridges approach the river they 
end in precipices, which frequently descend nearly vertically for a 
thousand feet to the water's edge. At such localities there is no 
room for one to pass between the river and the towering cliffs. It is 
the abruptness with which the lateral spurs plunge down to the river 
that gives the vast gorge much of its canyon-like character. 
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In breadth and depth and in tlie multitudo of details this canyon 
is comparable with the greatest of all canyons in Xortli America, 
namely, tlie Gmud Canyon of the Colorado. One of th«^ great(?st 
charms in the wonderful scenery of the Colorado, how«»vc»r, is wanting 
in Snake River Canyon, namely, tlie varied and lirilliant <*oloring. 
The canyon of Snake River is dark and somlx^'. Th*» ])lack and 
brown of weathere<l basalt and t he dull gray of schist and granite lind 
scarcely any relief from brigliter coloi-s. The jdeasing tints imi)arted 
to the seener}' of man}' regions b}' the in)n oxides in n^sidual soils 
are absent. The vegetntion is too scanty to mask the angular forms 
or enliven the somber tones of the rocks, although the massive ditfs 
are in phiees veneered with yellow li<*h<»ns, and in the hiteral gorges, 
where springs well out, there are faint lines of verdure. In autumn 
these thickets of willow, haw, and roses assume lirilliant hues. The 
talus slopes betwe<Mi the horizontal cliffs of basalt, as w<»ll as tlie 
surfaces of the ridges and domes of schist and granite, are clothed 
with bunch grass, which gives to them a silvery sheen that is ever 
changing when the wind ]>lows. 

On looking acixjss Snake River Canyon from the summit of Mount 
Wilson, the junction of the horizontally liedded ])asalt with tlic schists 
and granite beneat li can be distinctly traced for a score of miles. The 
crest lino of the buried mountain is rugged and serrate. The gorges 
between the higher crests and spires are fille<l with horizontal sheets 
of basalt, showing that the fiery flocxl flowed al>out the ancient ))eaks, 
leaving them for a time as islands in a sea of nu»lten rt)ck, and then 
overtopi)ed their summits and completely buried them from sight. 
This impressive si>ectacle of what was once a sharp-crest^^l mountain 
lange, rising at least 2,/)(K) feet and probably more than :5,<mm) feet 
above the adjacent valleys, and subsequently burie<l btineatli horizon- 
tal sheets of molten i*ocks, an<l agtss lat<M' reveahMl by the slow down- 
cutting of a river cany<m, is one of the most instructive lessons tliat 
the student of geology and geography will find anywhere in the world. 
Glancing westward from Mount Wilson into th<^ magnificent <'anyon 
of Grande R<mde, which has been excavated in the lUue Mountain 
uplift, one sees at least a thousand feet of horizontally bedded basalt 
which lies alx>ve the level of the summit on which one stan<ls. The 
Columbia lava is, therefore^, n<rt less tlian 5,(KM) f<M»t thick. Of its 
nia>umum thickness we have as yet no measure. 

But to return to the metamorphic rock. No granite was found by 
me in the canyon of Snake River; but, as already stated, it is 
repoiled to (KK5ur a little above the mouth of Wild (toosc Cri^ek — 
iihat is, to the sr>uth of the point where the Washingtxm-Oregon 
lioundary meet-s the river. In the canyon walls, as we have seen, 
lie basalt is clearly distinguishable from the rocks beneath it. 
The schists also have topographic forms of their own, in which the 
ledding, now highly inclined, and the joint planes play an important 
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part. As the eye ranges along the cliffs bordering Snake River 
upstream from the mouth of Grande Ronde, a marked change is 
apparent in the sculpturing of the older rock-series a few miles south 
of Mount Wilson. The sharp crests and steeply inclined bedding 
planes of the schist there give place to rounded domes and hillocks. 
The immediate banks of the river are precipitous, but at a height of 
perhaps a thousand feet above the water the slopes are more gentle, 
and a rude terrace with rounded curves and flowing outlines, some 3 
or 4 miles broad, leads to the cliffs of basalt which define the upper 
margin of the canyon. The forms seen on the terrace-like slopes are 
such as are familiar in many localities where granite is the surface 
rock and where weathering is far advanced. Further exploration in 
this intei*esting region will probably show that the series of limestone, 
schist, etc., already briefly described, rests on granite, and that for 
many miles along the boundary between Oregon and Idaho this rock 
will be found in the immediate banks of Snake River. I have spoken 
of the rocks beneath the baftalt as belonging mainly to the metamor- 
phic series, but whether this granite is a sedimentary rock changed 
by heat and pressure or is of igneous origin I leave others to discover. 

The schists exposed in Snake River Canyon, like the similar rocks a 
few miles farther downstream, are traversed in every direction by smal 
segregated quartz veins, which have been reported to be gold bearing 
Several mining claims have been located along the canyon wall oi 
each side of the river, but whether any of these will repay mining i 
not known. From a knowledge of similar rocks elsewhere the vtdu* 
of these mines seems doubtful. In the alluvial deposits along Snak< 
River at the mouths of lateral gorges in the schists, placer mining ha 
been carried on from time to time for several years. Hydraulic min 
ing on a small scale has been attempted, but with what success I an 
unable to state. 

Grmiite, schl^f, qu<trtzii€^ et<\^ north of Snake Rwer, — Theeasien 
boundary of Washington to the north of Snake River cuts across th< 
foothills of the mountains of Idaho, leaving some of the ridges anc 
outstanding buttes to the west of the line. The geology' of we8t«n 
Idaho is as yet unwritten, but, as shown by the sand and gravel in th< 
stueams which enter Washington, the rocks to the eastward include 
granite, gneiss, quartzite, diorite, etc. Mountains consisting laig^lr 
of these rocks form the eastern limit of the overflows of Columbia lava 
in the region here considered. The great basaltic plateau meets the 
mountains in a sinuous line which in a general way coincides with the 
interstate boundary. The mountains along this boundary resemble 
a rugged coast line, but the sea is replaced by the plateau of lava 
Rounded and weather-beaten capes and promontories on the shore o 
the lava sea project into the wheat lands of the plateau and a fei 
islands of quartzite break the monotony of its surface. 

To term the rolling prairie lands of the * ' Palouse country " a sea an 
the hills to the eastward its rugged shore is not entirely a rhetorics 
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flgnre. The basalt forming the vast plateau was ouro inolton and 
flowetl over the land in suceessivo inundations of liquid r(K*k. The 
plateau M'a« then a sea of fire. As shoet after sheet of molten rock 
was spread out, the floods rose higher and higher on the rock-bound 
coast. Valleys and embay menls in the niounlains were Hooded and 
DOW have level floors of basalt. The eastern limit of the region cov- 
Bred by these lleiy inundations is sharp}}- define<l not only by the 
topography but by the junction of the wheat tields which flourish on 
the soil formed bv the decay of the lava with the uncultivated 
aplauds. 

The lavas are less deep in the neighborhood of tiie mountains than 
farther westward, and at one locality at least have lu»en cut through 
by stream erosion so as t^) expose the granit i<; rocks IxMieath. At what 
is known as Granite Point, on the Northern Pacilic Railroad, about 
8 miles southeast of Pullman, in township l.}, range ('>, a few hundred 
square feet of gneiss (?) may be seen in the bottom of a shalh»w valley. 
This rock has been quarried in a snuiU way and foun<l serviceable for 
rough masoniy. It is somewhat weathere<l, ])ut the usual products 
of long-continued disintegration and decay arc* abs(»ut. The shape of 
the rock surface exposed and the absence of debris on it suggest that 
it is the summit of a hill from which all loose material had been 
removed before the A^xkIs of lava buried it from sight. The rock at 
this locality is of the same charactcM* as that already mentioned as 
occurring at Granite Point, in Snake River Canyon, alxmt 10 miles dis- 
tant. The difference in deviation l>etwe(»n these two exposures of the 
old land surface beneath the basalt is approximately i2,0()0 feet. This 
isone of many observations which indicate the roughness of much of 
the country which was changed to a level phiteau ])y th<» basaltic 
overflows. 

The most striking evidence, however, of the ruggedn(»ss of the 
topography of the buried land and of the ocoan-like irharac^ter of tlu» 
inundation of molten rock that flowed over it is furnished by the old 
inountain peaks, that now rise as islands above the yellow wheat hinds. 
rheso islands are within a few miles of the border of the basaltic over- 
flows. All of the old landmarks where the basalt is deepest are com- 
pletely buried. Islands of granite surrounded by basalt, near the 
northern border of the i>lateau, in the nc^ighborhood of the Grand 
Coulee, in the Big Bend country, were described in apre^ ious report^ 
but far more impressive examples of the same general character are 
furnished by Kamiack and Stc^ptoe buttes in the Palouse country. 

Kamiack BuHe, — In Whitman County, miles north of the town of 
Pullman, there stands a picturesque hill of quailzite and of quartzose 
conglomerate rising 500 or COO feet above the surface of the surround- 
ing basaltic plateau. This is the summit of a bold hill that wascom- 
[)letely surrounded by the inundations of molten rock. 

. 1 Ball. U. S. a«ol. Survey No. 108, 1098, p. 9U. 
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The soil on Kamiack Butte is sandy and was derived from the dis- 
integration of the underlying rock. It differs in a marked way from 
tlie soil of the adjacent wheat lands. There is no evidence to show 
that the basalt ever covered the butte, although it rose between 100 
and 200 feet higher than the present plateau surface. ^Flie lowering 
of the surface of the plateau is due to the disintegration and decay 
of the basalt and the removal by stream and wind erosion of some of 
the fine soil thus produced. It is an instructive fact, as will be not^ 
in advance in considering the origin of the low hills of tlie originally 
level plateau surface, that the soil of the plateau has not been blown 
over the rocks forming the butte. 

To the southwest of Kamiack Butte and about 2 miles distant is 
another but lower elevation of the same character. To the eastward, 
also, there is a range of hills, apparently composed of quartzite, which 
extends into Idaho, and is of the nature of a cape projecting into the 
sea of formerlv molten rock. The extremitv of this ancient headland 
is separated from Kamiack Butte bj" 2 or 3 miles of basalt. 

Sfeptoe Butie. — This remarkable feature in the relief of eastern 
Washington is situated in Whitman County, 8 miles west of the town 
of Garfield, and 10 or 12 miles from the hills which Ixmnd the basaltic 
plateau on the east. It rises between 1,000 and 1,100 feet above the 
plateau which surrounds it on all sides. Fixim every direction, over 
a wide extent of ('ountry, the butte is a prominent landmark, and from 
whatever point of view it is seen it appears as a steep-sided and sharp- 
pointed pyramid. When viewed from the eastward, its southern 
slope makes an angle of 18° and its northern sides an angle of 10° or 
20° with a vertical line. Each side is gently concave and gives to the 
eminence the appearance of a volcanic cone. The slopes on all sides 
except the west, which is easiest of ascent, are about as steep as is 
shown by the measurements just given. 

Steptoe Butte, like its lesser companion described above, is com- 
posed mainly of quartzite, but at the summit the rock has the charac- 
ter of a quartz-schist. Its sides are not encumbered with loose debris, 
and but little soil has formed from the disintegration of the hard, 
resistant rock. It is plainlj'^ the summit of a bold mountain peak, the 
base of which was deeply buried by the overflows of lava that sur- 
rounded it and left it as an island. 

The instrrctive panorama spread before an observer on St>eptoe 
Butte leads naturally to a digression from the study of the geolog}'of 
the butte itself. From this commanding summit we can with advan- 
tage, I think, review some of the leading features in the geography of 
the region under consideration. 

To accommodate tourists, a commodious hotel has been built on the 
apex of the great pyramid. From about the hotel we may in an hour 
obtain a far more graphic idea of the characteristics of the surround- 
ing region than days of travel across the plateau and over the neigh- 
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Jig mountaiiiH would furnish. In all directions from the base of 
buite extend the vast wheat lauds of the btisaltic plateau, which 
seemingly as level as the sea. The short hills aud level-fioored 
ressions on the surface of the plateau enhance rather than detract 
a this resembbince. It is a stonny sea, but none of the wavo-lik«3 
} rise above a certain general level. The distant horizon is uudu- 
ag, like the sky line. on the ocean after a storm. The view to the 
jh, west, and southwest is limitless. Not a single landmark rises 
ve the general level of the roughened plain. Far away to the 
:h a long, low arch, forming a silhouettes in blue against the sk\% 
}als the outline of the Blue Mountains. The base line of the arch 
) or 40 miles long, and the height of its crest not over J,2(M)()r 
10 feet al)ove the general level of the intervening plateau. Wo 
w that in the vast x)lain that <»xtcnds to the Blue Mountains tliert^ 
. deep canyon through which Snake River flows, but it is only 
er exceptionally favorable conditions of the atmosphere that its 
ree, easily mistaken for the shadow of a parsing cloud, can be 
sed through the yellow whc^at llelds. To the eastwanl one* sees tlu* 
k forest-covered hills and mountains of Idaho, and can tra(*e 
sinuous line formeil by the junction of the intervening plateau 
1 the highlands that determine its lK)rder. Each levcl-ftoore<l inlet 
embayment is yellow with grain and eiwrh headland dark with 
J8. These and other features of the bonier of tlie once molten 
of lava can l>e as easily recognized as the inlets and headlands of 
coast of Maine when viewed from the summit of Mount Desert 
nd. 

efore the rich soil of southeastern Washington was furrowed by 
plow it was covered with bunch gniss, but destitute of trees and 
lbs. At present practically every acre of the plateau surface is 
er cultivation. The observer on the summit of Steptoe Butte 
:n down on a limitless patchwork of brown and yellow. The 
wn is the soil of fallow land, the yellow the golden of th(» wheat 
Is. It is the custom to take but one crop from the land in two 
re, so that each summer practically half of the land lies fallow. 
I yellow grain fields and the brown, plowed lands are intersperse<l 
I each other as far away over the plat<»au as t he eye can reach. 
lOUgh thei*e are thousands of farmhouses in the field of view, tliey 
nestled in valleys and hollows, and only a few near the immediate 
3 of the butte are in sight. 

ext to the boundless expanse of the level plateau, the most inter- 
ng feature of the landscape is furnished by the wave-like hills and 
amless depressions that give diversity to the grain fields. When 
sited Steptoe Butte late in September the wheat had l)een har- 
«d, and the paths of the reapers surrounded the hills like the 
tour lines on a map and served to accent the i>eculiarities of their 
08. The origin of the hills, however, and the nature of the deep. 
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rich soil of which they are composed can be better understood from 
a nearer inspection and will be discussed later. Let us now return 
to our study of the ancient crystalline rocks. 

The uplands, consisting largely of quartzite and granitic rocks 
wliich occur north of Snake River along the general course of the 
Washington-Idaho boundary, swing westward near Spokane and form 
the mountainous region of northeastern and northern Washington. 
This region is known in an indefinite way as the " Okanogan country." 
As described in Bulletin No. 108, the Columbia River in making its 
wide detour termed the *' Hig Hend " follows the base of the mountains 
that determine the northern border of the basaltic plateau. The 
same great series of crystalline rocks is continued westward and forms 
the mountain about Lake Chelan and the northern part of the Cas- 
cade range. Much of this region of crystalline rocks is rich in miner- 
als, and excellent building stone abounds. This most promising field 
for geological study awaits exploration. 

KITTITAS SYSTEM. 

In west-central Washington, notably in Kittitas County and cross- 
ing the Columbia at Wenatchee, there is an important system of sand- 
stones and shales carrying valuable beds of coal, which rests on the 
series of ancient crystalline rocks described above, and is covered in 
part by the lavas next to claim attention. The coal mines at Roslyn 
are in this svstem. 

In Bulletin No. 108 I have proi)osed the name of Kittitas system 
for these coal-bearing rocks, for the reason that they form the surface 
over a large part of Kittitas ('ounty. The rocks of this system have 
not been studied and their boundaries are unknown, but in the cen- 
tral part of Kittitas County they pass beneath the series of lava 
sheets forming the basaltic plateau of central and southeastern 
Washington, and may possibly extend beneath the region described 
in this report. No outcrops of the rocks of the Kittitas system are 
known, however, east of the Columbia, except in the neighborhood of 
Wenatchee, but it. is not improbable that they extend somewhat 
widely beneath the lava rock of the central basin. 

COLUMBIA LAVA. 

As already stated, the great basin between the mountains of Idaho 
and the Cascade range, including what is known as the "Big Bend 
country," or the Great Plains of the Columbia, and all of the south- 
eastern portion of Washington, is covered with what is termed, in a 
general way, lava rock. Since a convenient geographical name for 
this lava is desirable, I have suggested the term "Columbia lava," 
for the reason that much of the country covered by it is drained l^ 
the Columbia River and its branches.^ 

Origin. — The Columbia lava was poured out from openings in the 

» Bull. U. S. Geological Survey No. 108, 1893. p. 21, 
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Krth*8 crast in a molten condition, in much the same manner that 
olcanoes at the present day arc discharging similar material. It 
•Tobably came from fissures in the earth's crust, however, instead of 
rom individual vents, as in the case of Mount Rainier, for example, 
nd spread away from the fissure in highly liquid sheets, "whicli 
lowed rapidly. 

As is shown wherever canyons have been cut in the Columbia lava, 
b is not one vast How, but is composed of many beds, frequently from 
O to more than 150 feet in thickness, which are separated by scoria- 
peons layers and other partings. The surfaces of Hows which c(K)le<l 
wfore the next sheet above was i)oured out are frequently I'ough and 
ftf a cellular or scoriaceous character and are occasionallv covered 
irith lapilli, as well as with widely extended layers of clay and siind 
uid old soils. 

The statement that the lava was poured out through fissures is basecl 
Ji part upon an hypothesis which is held for the n^ason that the fea- 
tures characteristic of volcanoes are absent and no plausible account 
!>f the origin of the lava, except, by ** fissure eruptions," has l)een sug- 
gested. The fissures through which the lava is supposed to have 
reached the surface would be filled with similar material and would 
give origin on cooling to what are known as dikes. At one locality in 
Kittitas County, where the rocks l)eneath the lava have been exposed 
by erosion, large dikes of this nature have been seen.* This observa- 
tion is in direct support of the fissure-eruption hypothesis. The 
large number of separate sheets of lava, however, demand under the 
hypothesis mentioned that the earlier overflow should have Ixjcn 
broken by fissures, in oixler to admit of the es(?apo from below of the 
molten material which rose and overflowed the surface so as to form 
the later sheets. Dikes should therefore be expected to occur in the 
lower sheets of lava leading up to the superior layers. Although 
the Columbia lava lias l)oeii deeply dissected liy stream erosion, only 
three or four dikes cuttiug across the layers have lH»en seen. These 
We situated in the walls of (rrande Hondo canyon and are all suuill, 
the largest being only about 30 feet thick. Whether these dikes Icjul 
to lava sheets higher in the canyon wall and indicate the fissures 
'rom which material forming the superior sheets was derived is not 
Certain, for the reason that, disintegration has obscured the upward 
B^tension of the dikes and made it. impossible to trace them for more 
than a few hundred feet above the present level of Grande Ronde 
ftiver. 

Throughout the hundreds of miles of cliffs formed by the walls of 
itream channels through the Columbia lava that have come under 
ay notice, with the exception of the locality just mentioned, dikes are 
bsent. Thei'e is thus seemingly a weakness in the evidence which 
hould be looked for in support of the fissure-eruption hypothesis, 

i.__^ ^^^ ■ 1- ^ — _ ■ r I ^ — T n 1 1 * 

> BnU. U. & OeoL Surroy No. 106, 18D3, pp. 67-68. 
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i biit U\i» may be i-emoved when tha region eovered by the Cului 
% bia lavii, tispecially in the vicinity of the Cascade Muuntains, is 
r- exten8i%'ely examined, 

Eaieni. — The Columbia lava i« by far the most extensixo of 
geological formations in the far Northwest. It is also lb*; n 
iinportsnt from au economic point of view, since Ity the disiuU-gn 
tioa and dee»y of its surface layers it hjis furnished the wonderfullj 
rich soil on which a lai^ portion of the ^raio of Wtishinglon 
adjacent States is raised. 

The boundary of this ^p^at series of volcanic overflows in easten 
Washington, from iSnake River northward to Spukauv 
theuce westward along the Columbia, has already Ik-cu brioA 
described. 'iHie ('olumhia lava occurs also in the Cas<r»de Mountaiii 
of Washington and Oregon, and extends southwani im« Califonui. 
To the east of the Casoatle Mountains it oecupiiw much of OrogoB 
and large portions of southern Idaho. Although its bouudnries hart! 
not been mapped, it is known to occupy an area of not lt>s.s tha 
200,000, and possibly as much as 250,0(X), square miles. 

Thickness.— The Columbia lava, as already stated, wtLS iKiiircd on 
in a molten t-ondition and spread over the country like a serirau 
fier}' Inundations. The surfaces of the various sliects were ijrigtnKl( 
practically horiKontal, but the surface of the inun^late coantrj' ni 
nneven and, in part at least, mountainous. Th© depth of the hart 
ened lava at various localities would therefore depend on Ihe cliarae 
ter of the topography of the region it covers. The original thicknei 
has been decreased by erosion, but, except in the CAnyon, this is nd 
great. The loss from the surface of those portions wliich havK ml 
been upraised or tilted is, under the most liberal estimate, not ovyri 
few hundred feet. 

The maximum thickness of the lava, or, considering it as a coiigeHlad 
aea of molten rock, the deepest sounding, is not knowu. About tM 
mai^ia of the basaltic Hows along the Columbia River, in the "B^ 
Bend country," canyons 300 or 400 feet in depth reveal thegranill 
beneath. Along Snake River Canyou for over 100 miles from IB 
month 2,000 feet of lava is in sight. Where Snake River and tfe 
Gmnde Ronde cut into the Blue Mouutaiu uplift, between 4,00(Jaiil 
5,000 feet of horizontally bedded lava is exposed. This is thedeepe* 
section yet discovered, but even there the base ot the series isw* 
seen. It seems safe to-couclude that the maximum thickness is is 
excess of 5,000 feet. In the Cascade Mountains, according to Pent 
Joseph Le Conte, ;J,700 feet of lava is to be seen. From my own 
observations in that region, however, I should not be surprised if maci 
greater thicknesses are discovered. The average thickness for the 
Columl)ia hiva in the State of Washington was thought by I,ieut«naDti 
Symons ' to i)e not far from 2,000 feet. In a former report I was dis- 

■ BdIL U. S. a«oL Surrey No. 108, INB. P- 1. 
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36ed to agreo with thiH efltiiiiatc, but. observations Kiiico made along 
Qake River certainly indicate that the average thickness over large 
reas must he much in excess of the amount stated. Kst imates of the 
rerago thickness e^in at present have but little value, however, as 
iren single measurements of the total thickness are lacking, except 
ear the bordei's of the lava-covered region. 

Chararfer of ihe rock. — The general appearance of the rock forming 
lie widelv extended formation under discussion is familiar to everv- 
ne in southeastern Washington. It is the common bhurk rm^k of the 
ountry. It underlies all of the wheat lands, and is splendidly 
xposed in the canyons of tlie Grande Ro!ide, Snake, Palouse, and 
Ipokane rivers, and along nearly all of tluMr branches west of the 
l^ashington-Idaho lK)undary. To the* geologist this rock is known as 
NisaltJ It is dark, usually black, in color, but various tints of 
pTiy, green, bn)wn, and red are not uncommon. Most of the varia- 
fons from the normal black or nearly black color are due to weath- 
rinjg. The upper surfaces of some of the sheets, however, are re<l, 
wing to the oxidation of the mm in the r<M»k while it was yet highly 
eated. 
One of the latest lava flows in the great series h(»re <*onsidered occurs 

Yakima (Vninty, l>etween (V)wiche and Nat<*h«»s <*reeks, and dilTei's 
om all other portions of the C-olumbia lava now knoAvn. Tlie lava 
leet referred to consists of what is termed hypersthene-andesite, and 
mtains prominent crystals of the mineral hype rst bene. ^ Wlien the 
3lumbia lava is critically studied, it is probable that other rocks 
*arly related to basalt, but differing from it in ch<Miiical and miner- 
ogical composition, will be discovered. 

Except when the molten magma cooled with ex<*essive rapidity, as 
1 coming in ccmtact with water, oi* flowed over wet san<ls and (^lays, 
le material composing it became crystalliztMl. Thc» slower tin* cool- 
ly, the larger the crystals that were formed, Th(» <'entral portions 
r the various sheets are for this reason usually coarser in texture^ 
tan their surfaces. In a few instanc(»s the bottom of a laver is 
Lmost glassy for an inch or two in thickness, owing to sudden cooling, 
iragmental material, sometimes found in she<»ts between the laycM's, 
nd probably formed by the disintegration of tlu-! highly heated ro(»k 
ti <*oming in contact with water, is also exc(\ssively fine grained and 
itreous in luster. 

The crystals of which the basalt is composed can seldom be scon by 
te unaided eye, but when thin sections of the rock are studie<l with 

1 A chwacteristic sample of thin rock from Mill Croek, near Walla Walla, has lxH>n examined 
^ Mr. J. S. Diller, who reports as follows ooncorninfjf it: "'' Tho rock !» a charocterifltic Imsalt, 
uniXMed of plaffioclaae feldspar, angite, olivine, and ma^etito, with considerablo f^lobulitic 
ISO. The feld8]KU^ are well developed, with crystallographic l)oundaritfs. Tho augrite it loss 
eU developed and is generally granular, as is also the olivine. The magnc^tito is mrmtly in acta- 
kind rrystalH, which for tho most ijart are arranged in grouxM made np of lines perpendicnlar 
» otie mnotbear. Tho rock Is perfectly fresh and nnaltered." 

t BaBL U. 8. OeoL Snrrey No. 108, 1808, pp. 64-66. 
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the assistance of a microscope their nature is clearly shown. The 
minerals which make up the bulk of the rock are feldspar, ^augite, 
olivine, and magnetite, and- crystals of other minerals are scattered 
thickly through uncrystallized portions of the magma, which forms a 
glassy groundmass. The minerals mentioned are silicates of alum- 
ina, magnesia, soda, potash, lime, iron, etc., and when the rock 
decomposes on weathering these substances are more or less perfectly 
liberated. 

Chemical analyses of basalt show that in general it contains from 
46 to 57 per cent of silica and from 11 to 22 per cent of alumina, 
together with lime, magnesia, potash, etc., in proportions var}ing 
from a small fraction of 1 per cent to over 10 per cent. It is the pres- 
ence of lime, potash, and phosphoric acid in the basalt that gives the 
soils formed from its decay much of their richness for agricultural 
purposes. 

Columnar structure. — The columnar structure of many of the lava 
sheets gives interesting details to the massive architecture of the 
canyon walls at many localities. This structure, as is well known, is 
due to the shrinking of the rocks on cooling. The columns have their 
longer axes at right angles to the cooling surfaces, and consequently, 
in horizontal sheets, are vertical. When a canyon is cut through a 
series of beds having this columnar structure, the section of each 
layer presents the appearance of a long colonnade of closely set verti- 
cal shafts. 

The columns are most commonly hexagonal in cross section, although 
other forms, with sides ranging from three to eight, may be found 
They are frequently 3 or 4 feet in diameter, but sometimes larger, 
and from a few feet to 30 feet or more in height. The larger columns 
are not usually sharply defined, as their sides are apt to be irregular. 
The most perfect examples have usually a diameter of from 15 to 25 
inches. One of the best displays of columnar structure that I have 
seen occurs on the left bank of Snake River, about 3 miles above the 
mouth of Alpowa Creek. A long colonnade is there exposed, forming 
a vertical wall 30 to 40 feet high, in which the shafts are remarkably 
even and of uniform size. The columns are mostly six-sided and 
about 14 inches in diameter. Beneath this columnar layer is a bed 
of pure-white volcanic dust. The removal of this soft layer by the 
river has led to the undermining of the lieavy sheet of basalt resting 
on it and the breaking away of the jointed rock, so as to form the wall 
in which the columnar structure is so well displayed. 

The breaking of the basalt into columns is due, as stated above, to 
shrinkage on cooling. Breaks in the rock, termed joints, are thus 
formed. These are best developed when cooling is slow, and for this 
reason the central portions of lava sheets are frequently regularly 
jointed — that is, divided into well-defined columns — ^while the top 
and bottom portions of the sheets are confusedly jointed, and sepa- 
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rate into blocks of all sliapes and many sizes. The irregularly jointed 
POck does not fall apart so readily as that in which the joints are i)aral- 
el and well devcloi>ed. It is for this reason that the rows of columns 
^x])osed in the canyon walls so frequently rise from a projecting base 
uid supiK)rt. an overhanging cornice above. 

In some lotralities, imrticularly where the basaltic columns arc of 
wge size, their surfaces present a network of grooves hxiking like 
:he cracks formeil in the surface of mud on drying. The origin of 
liese peculiar markings was not apparent until weathered surfaces 
irere examined. It was then found that (he columns fre<iuently 
liave a well-defined internal structure. Tliey are formed of small 
M)lumn8 similar in form to the main shafts, but usually only an inch 
wtwo in diameter. These secondary columns radiate from a con- 
fusedly jointed central core and terminate in more or less regularly 
shaped x>risms at the surface of the main c(»lumn. It is the junction 
of the bounding x)lanes of the seeon<lary columns with the surface of 
the main shafts that gives rise to the peculiar llgures ment ioned above. 
Fhese figuivs, frequently six-sided, but usually irregular, are best 
seen when th<» surfaces of t he main columns are somewhat weathered. 
Fhe cracks or planes of j<»inting that define the sides of the large col- 
amns are, as already stated, at right angles to the cooling surfaces. 
Phe secondary columns are at right angles to the master joints, which 
tetcrmined the cooling surfaces of the material forming the columns 
)ounded by them. 

The best locality for studying this secondary columnar structure 
hat I have noticed is on the left bank of Snake River, about G mil(»s 
tbove Asotin, where an excavation for a road has recently been made 
t the base of a great pre<!ipic<». 

The sides of lh«^ columns i!it<> wliieh the (-olumbia lava has so fre- 
uently been broken s«»ldom present j)lane surfaces, but are irregular 
1 many ways. The convexities on the side of cmo cohunn fit accu- 
itely into deprc»ssions in tJie sides of the adja('«»nt columns and serv<» 

> lock the columns together, and thus admit of their standing in 
ertical precipices. T!ie columns in the face of a clifT are frequently 

> loose that one can move them witli the hand, but the interlocking 
t their irregular sides with their neighbors hohls them in place. 

The series of vert i<*a I joints which clivi<le the horizontal sheets of 
asalt into columns are frecpuMitly crosscMl by other joints or breaks, 
hich are horizont al. There are at hvust two classes of these horizontal 
rint-s, one of which afTects individual columns, while the other runs 
irough a large series of columns. 

The cross joint* which affect individual columns break them into 
actions from a few inches to i)erhai)s 3 or 4 feet in length. The sum- 
dt of each section is commonly concave, or depressed, so as to form 
saucer-shaped hollow, into which fit the rounded ends of the sec- 
ons next above. It is seldom, however, that this ball-aud-socket 
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cause the variations in the character of the silica deposited in cavi- 
ties in the lava, one may hope to find the variety having brilliant 
colors at almost any locality. 

Extent and thickness of individucd slieets, — In the walls of many of 
the canyons that have been excavated in the balsatic plateau, and 
especially in Snake River Canyon and along Si)okane and Columbia 
rivers, individual layers of lava maybe traced for miles, and even for 
scores of miles, without notable variation in thickness or in general 
characteristics. I have not made continuous journeys of more tlian 
25 or 30 miles through the canyons, but have entered them at various 
places. Localities on their brinks frequently command a view of 10 
or 15 miles of the opposite wall, and from exceptionally favorable 
localities for observation, like the summit of Mount Wilson, the edges 
of the lava sheets may be seen clearly exposed for not less than 40 
miles. In no instance have I seen a lava sheet thin out or in fact 
present any marked variations. It is evident that the lava was highly 
fluid at the time of its extrusion, and that it spread widely over the 
country in horizontal sheets of remarkably uniform thickness. Few 
exact measures of the thickness of individual sheets have l>een made, 
but by eye estimates it is safe to say that many sheets are from -W to 
60 feet thick, and not infrequently layers of more than double these 
amounts occur. The average thickness, I should judge, would be 60 
or 80 feet. 

Number of overflows, — In almost any view of the walls of Snake 
River Canyon, which furnishes the best section known of the Colum- 
bia, 50 or 60 well-defined bands may be seen, whicli at first sight 
appear to be the edges of individual lava sheets. A closer examina- 
tion will show, however, that some of even the most conspicuous hori- 
zontal partings do not mark the junction of separate lava sheets, but 
are due to the horizontal jointing already described. Some of the 
bands, too, are due to the columnar structure of the central portion 
of the various sheets adjacent to other i)ortions of the same flows 
which are confusedly jointed. For these reasons, and also because 
the terraces or steps in the canyon walls are covered with loose rocks 
and soil, banked high against the cliflCs above, it is difficult to dete^ 
mine how many individual lava sheets have been cut through in order 
to form the canyon. Reliable evidence of the vertical extent of the 
individual sheets of lava is sometimes furnished by int.erbedded layers 
of sedimentary origin, like sand and clay, and also by sheets of frag- 
mental material, termed lapilli and volcanic dust. It is infrequent, 
however, in eastern Washington that evidence of this nature can be 
had. Usually, the only safe method of distinguishing the individual 
flow is by noting the occurrence of scoriaceous bands. 

On counting the numbers of scoriaceous bands exposed in the walls 
of Snake River Canyon, I found that at least eight lava sheets had been 
cut through to form the canyon where it is 3,000 feet deep. I am by 
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The upper surfaces of the various sheets are characterized especially 
lija cellular or scoriaceous condition; the under surfaces also have 
file same characteristics, although usually not so well marked. As a 
lava stream advances, its surface liecomcH cooled and forms u scoria- 
eeous crust, which may be sustained for a time on the still moving and 
highly liquid lava beneath. A hardened crust also forms on tlie ex- 
tremity of the moving sheet, and is rolled under >is the sheet advances. 
Scoriaceous rock is thus transferred from the surface to the base of a 
lava stream. Where sheet has succeeded sheet, each formed by an 
oatpouring of molten I'ock, it is freciuently difficult to say just whore 
the junction plane separating them is located, for the reai<ion that the 
rough, scoriaceous surface of the lower sheet is involve<l and emlwdded 
in similar material, which was poured out over it. 

The basal portions of lava sheets, especially when they rest upon 
lOft deposits like clay, are sometimes smooth, and have a dense outer 
rind with aglassy structure, due to rapid cooling. An instance of this 
nature observed at Si>okane is descril)ed on page 5:}. 

The cavities in 8Cx>riaceous lava fre<iuently become filled with min- 
eral matter, and on breaking open the roek that luis undergone this 
change kernel-like grains are foun<l insteml of cavities. The mineral 
matter in such instances, most freciuently some form of (juartz, has 
been deposited from solution by percolating water since the n>ck 
hardened. Rocks containing (5a\ities which have been filled in this 
way are termed arnygdalouh, frcmi the resemblance of the kernels to 
almonds. The kernels or amygdules may be of any shape, however, 
and not infrequently in the Columbia lava are veiy irregular. In 
some of the layers of th<» lava, as was observe<l especially in the can- 
yon of the Grande Ronde, the cavities are not completely filled, but 
each one has a thin lining of quartz. As the rocks weather the small 
hollow kernels are liberated and oecur scattered through the soil. 

Larger cavities in the lava at times l>ecome filled with a form of 
silica known as chalcedony, which has a yellow color and looks like 
bright yellow resin. When this mineral pn»sents bands or laj'ci's of 
different color, it is known as onyx. The presence of this mineral in 
the Columbia lava has led to <*rude mining at a few localities with the 
hope of discovering beds of onyx, but thus far little if any material 
of commercial value has been found. 

Another form of silica, known as opal, also occurs as amj'gdules in 
the Columbia lava, and very beautiful stones having bright colors 
have been obtained. These stones are of the variety known as harle- 
quin opals, and are frequently of great brilliancy and in every way of 
excellent quality. Opal mining has been carried on in a small way 
at Moscow and a few other localities in Idaho, and the c<mditions seem 
favorable for continuing this industry. Common opal, of a milky- 
white color and without the gorgeous play of colors that makes the 
liarlequin opal one of the most beautiful of gems, occurs at very many 
horizons, and bo long as we do not know tiie px^eAsi^ QQn[ii^\\k<^\^ >Osia^» 
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of lava flows. In dealing with the artesian problem it is necessary to 
consider various conditions besides the character of the lava, and this 
discussion will therefore be postponed to a later portion of this report. 

CLAY AND GRAVEL INTERSTRATIFIED WITH THE COLUMBIA 

LAVA. 

Yakima VaUey, — In the region occupied by the Columbia lava in 
central Washington, to the west of Columbia River, and described in 
a previous report,* there are several widely spread sheets of clay, 
gravel, sand, etc., of sedimentary origin, interleaved with the lava 
sheets. The brief account given in the rei)ort referred to, of the rela- 
tion of the lava to these interbedded deposits, is as follows: 

Near the upper surface of the Columbia lava, in the Yakima region, there is a 
thin layer of clay formed as a sediment in a Tertiary lake, and subsequently 
covered by a lava flow a hundred feet thick. Above this bed of basalt and resting 
evenly on its surface are gravels and fine, evenly bedded lacastral sediments, hay- 
ing a thickness of 125 feet; then comes an interstratified sheet of columnar basalt, 
from 40 to 100 feet thick, which may be traced from the hills about EUensbnrg 
eastward to Columbia River and which appears again in the eastern portion of 
Saddle Mountain. Above this layer there are other lacustral deposits, belonging 
to the John Day system. Besides the widely spread interstratified sheets of basalt 
there are others more local and less well known; one of these was penetrated while 
drilling the artesian wells in Mozee Valley. 

SoiUheasfern Washington, — The examination made of the geology 
of southeastern Washington failed to show that deposits of aqueous 
origin, interstratified with the Columbia lava, are there as numer- 
ous as in the region mentioned above, to the west of the Columbia 
This is an important matter, as it has a direct bearing on the question 
of artesian water supply. The localities where sedimentary beds 
occur interleaved with the basalt to the east of the Columbia are 
mostly near the eastern boundary of the basaltic plateau, in Spokane, 
Whitman, and Asotin counties. 

A i)ossible reason for the fact that a greater number of sedimentary 
beds interstratified with the basalt have l>een recognized in the region 
west of the Columbia than in the country having a similar geological 
history to the east of that rivei* may be that in the western area the 
lavas and interbedded deposits have been disturbed from their original 
horizontal position and the vast blocks bounded by faults have been 
upraised so as to expose the edges of the strata composing them and to 
allow the weathering out of the soft beds, in part, in such a manner as 
to reveal their presence in the topography. In southeastern Washing- 
ton the rocks are, for the most part, still horizontal, and the only sec- 
tions exposed to \iew are in canyon walls. Unless the escarpments 
are unusually steep, the soft beds are apt to be concealed by talus 
slopes and soil, and their presence masked. A more detailed study of 

» BaU. U. S. Qeol. Survey No. 108, 1808, p. 22. 
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thegeoloj^' of this regio\i will iwrhaps revt^al a greater niinibor of sed- 
imentary beds in tlie basaltic area thau is at j^reseiit known. 

WdUa Walla Vallefj, — At a l(K*ality on the south side of Walla 
Walla Valley, about midway between Walla Walla and Wallula, the 
upjMT i)ortion of a Ixni of line ela}' beneath basalt is open to view for 
a short distanee. Tlie thickness of tliis bed that is exposed to view 
is only alK>ut4 feet, but its total thickness is unknown. 

Asotin country, — Near Asotin, on each side of Asotin Crock and 
less clearly exiK)se< I in the neighboring port ion of Snake River Canyon, 
there are two horizons, one alK)ut JJOO and tlie other approximately 7(K) 
feet alK)ve the town of Asotin, at wliich light-colored, evenly stratified 
clays ai)pear between thick layers of basalt. The lower l)ed of clay 
is in the neighborhood of 40 feet thick; the upper erne is certainly 
much thicker, but has not been measured. These sheets of clay are 
probably of wide extent, but owing to the manner in which compara- 
tively thin, soft layers in a gr(»at series of hard IxhIs became concealcHi 
at their outcrops in canyon walls by debris and soil, their jiresence 
wa8 not clearly recognized in the bluffs and precipices bordering Snake 
River. 

PaloHSP coimtrfj. — At Pullman the upper portion of a l)ed of heavy 
clay is exi>osed near the lK)ttom of th<^ steep-sided valley in which the 
huHiness iwiiiion of the town is located. This bed, as shown in rail- 
road cuts northwest from the town, and in part by well l)orings, is 
about 30 feet thick. Its upper jiortion, to the depth of from 4 to 
feet, has been bake<l and hardened by the heat of the hiva that flowed 
over it, and is frequently dark, almost ])lack, in color. At the 
immediate junction the clay is so much altered that it is dit!icult in 
small exi)osures to distinguish it from the overlying basalt, especially 
when the latter is somewhat weathered and disintegrated. Numerous 
vertical joints in the altered clay also increase its resemblance to 
igneous rock. This hardened surface portion of the stratum of clay, 
when traced downward, changes to unaltered clay, which in some 
places is yellow, light colored, and sandy. The thickness of basalt 
above this stratum is not less than 150 or 200 fc<*t. 

About GO feet l)elow the clay layer just described there is a second 
bed of sedimentary origin, composed of light-colored, unconsolidated 
quartz-sand and gravel, containing an abundance of mica. Th(^ 
rock intervening between these two sedimentary layei-s is compact, 
black basalt. The stratum of sand and gravel referred to has been 
revealed in drilling artesian w«^lls, and has been penetrated to th(^ 
depth of a few feet, but its thickness is unknown. It is abundantly 
water bearing. 

The upper sedimentarj'^ bed at Pullman is plainly the sediment of a 
lake that existed on the basaltic plateau during an interval between 
the outpourings of lava. The layer of gravel and sand, GO feet below, 
is of the nature of a stream deposit, or possibly the shore formation 
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of a lake, and was derived mainly from the disintegration of tbi- fn- 
nitic hills Iwrdering the basaltic plateau on the past. Tho ilistdovf 
from Piiliman to the nearest granitic hills to the eastwawl that rise 
above the present surface of the plateau is only about 8 miles, 

In drilling a well at Palouse, 13 miles noilheast of Pullmsn, » 
water-hearing stratum of sand and gravel similar to that beuenth 
Pullman was reached at a depth of about 100 feet below the surfan^ 
Palonse is, by aneroid measurements, 100 feet higher Miau Pullnmii, 
hence the wat«r-bearing beds at these two localities are not the samp. 
The gravels and sands at a depth of 100 feet at Paloiise may repre- 
sent the elay layers exposed in the streets of Pnllmau. 

At Garfield a drilled well was put down to a depth of about 300 
feet, but so far as I can leani no sedimentHry deposits were i-eai-hed. 
Three miles nortlieast of Garfield, however, on the farm of JiiiiieH 
Walters, a drille«l well, ll^J feet deep, passed through basalt for 6i 
feet from the surface and enterad clay 14 to 15 feet deep, beneath 
which water-bearing sand was reached, from which water roue and 
overflowed at the surface. 

In a north-and-south belt of country in general, some 8 or 10 1 
wide, beginning about 4 miles south of Pullman and extending to 
beyond Rosalia, there are reported to be 40 or 50 wells that penetntt* 
water-bearing strata interbedded with the sheets of basalt, 
records of these wells are not all available, and in general the level of 
the ground at the surface where they are located is not accurately 
known. Forthese reasonsit is impracticable at this time to ponstnirl 
a section of the rocks of the region. 

A mile south of Palouse, and again aliout a mile west of (iarfifild, 
deposits of sandy elay and of pure white kaolin have been opened. 
At the first- mentioned locality the clays are used for making fire brick 
and pottery. These deposits are evenly stratified and e\-identlynf 
lacustral origin, but the depth of soil about them renders it uncertain 
whether or not they are interbeddeil with basalt. There is little doutit, 
however, that they represent lake deposits that were covered with 
basaltic overflows, and that they were revealed at a later period by 
the erosion of stream channels. These deposits are similar lo certain 
clays in Spokane, descrilied later, that are covered with thick sheets 
of basalt; a fact which lends support to the hypothesis just stated. 

The conditions described in a genera! way as existing from Pullman 
northward to Bosalia are probably cont.nued northward to Spokane, 
but this tract of country was not examined. At Spokane I spent two 
days in making a hasty ^udy of the exceedingly interesting geological 
features there well displayed. 

Spoftom".— Excavations matle in the southern part of the city of 
Spokane have revealed important beds of coarse gravel and sandy clay 
with a thick sheet of Columbia lava above. Similar beds of basalt 
occur beneath the sedimentary layer, as is shown by other eica^'a- 
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tms, as well as Alon^ the wljacent portionn of Spokane River. Tlie 
u»t mstruetive of the excavations referred ti> in iiear the south uikI 
[ Barnard street, now graded, wliera an electric-car line leaves the 
.reet and curves abruptly eastward. This cut in in jrencral abmit L'O 
let deep and approximately 150 feet long. For about 13() feet fnnii 
amard street thin-bedded Handy inlays with much mica and conlain- 
ig fossil leaves ara exixM^Hl. A thicknesH of 10 or 12 feet of this 
•l>odt i» in HJght, but its Iwtl^jm is nowhere rcveah'd. 
Resting in an irregular manner on tlic mi<.>aceous <rlnys are cuarse, 
Dcemented gravels and waler-worn l)owldcr». A1m>vi' the gravel lies 
IP covering of basalt, whieh,' as sliown in neiglilKirintf elilTs, is not 
fiHthan 50 or 75 feet thick. An intenwlinj; featni-eiif Ihe basnl i»or- 
on of the covering sheet of basalt is tlip in-egiilarity nf its lower sur- 
ice. "Hie Imttoni of the Ixisaltit' shift Iras rounded, sni(M>t1i-Hur faced 
rotnberanceH or corrugations, 1>etweeii whicii t)ie gravel and Imwi- 
en, t<^$ethcr with detacliMl fragmentM of llie miciu-eous clay, fre- 
aeiitly 12 to 10 inches in diameter, extend utiwar^l for H or |(i fet^t. 
ragments of the micaceous clay in c^mltu't wilh the luiniilt show evi- 
eucea, in their (viniiuictnt-ss and ivddish color, uf the effect of the 
Mt of the lava whicli came in contju;t wiili ihem. 
A rough sketch of the exixwui-e descrilied above, as seen in tlie 
Mth wall of the cut, is here i-epnxliiccd from my note-lxmk: 




Fill. 1.— Rnrthin oT Ibts How and Inke lieds at Sp>lui]R. 

The surface of the basalt is not only smiM>tli, liut when bmken was 
und to Iw excf.'wlingly dense and hani. The riH'k to a depth of about 
inches has a vititHtus luster and is almost » ^lass. Kvidi'utly this 
irfacii layer was cooled qiiickly. 

The explanation of the jM-culiar rclalion of the basjilt lt» Ihe jjia^^l 
id clays l>encalh it seems to be that Ihe lava in a molten condition 
>ired over the dep<i»it'S on wlii<-li it rests in a direction fnim left i\> 
ght, as shown in the alH>vp section. 'Hie 1(k)8C deposits wei-e dis- 
.rbedaud forced along in fi'ont of the flowing lava until the resistant^ 
)Came sufficient 1o check its ]>rogres8, and at the same time the lava 
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became cool and rigid. Still liquid lava broke out from Iho face of llm 
arrested flow and ad vanned l»eyond the previously mwlod boixlflr, ove^ 
flowed the iu;cuniulation of stones and frngmentfi of the iriieaowms 
clay, and again forcoil up a ridge of the loose material. TliisprowM 
vras ropealwl several timos in the portion of the flow expowd, and 
noroinitfl for the marked inecjualitieH in the under surface of th 
btusiill ie Khoet and the manner in which eonfuard masses of gravel and 
detached fmgmeuta of clay extend upward into the hasalt. 
The exphmation just suggested is in harmony with the manner in 
I which lava flows are known tfl advance. Inde.soribingthf tlowoflavn 
Btreams on the Island of Hawaii, Dutlon says:' 

Aft«r nmuiug Home miles it [the molten lava] reachea mure level groiiml. vrtum 
it npreails out in tp-eat laken or Heldx. It also cools on the nnrfsce. which gradn- 
ally freezes over. But it is still hot within, and beneath its hardimpd covering t!w 
liquid rivers are still mnning, and at the eiigfs and along the front of the gpM 
sheet the liquid lava constantly breaks forth, poshing out fteryrivolete in adranfv 
and laterally. 

The lava that eovers the lake beds and gravel deposit in Sixikatu' 
appears to have ailviuiced into a shallow lake, tiio bottom of wliicli 
was disturbed and forwd up in ridges. The contact of the lava with 

' the wat-er caused it ^^^ congeal rapidly and to form a glassy outer 

■ layer. 

Near Spokane there are deposits of kaolin, similar t<j that alreadj 
mentioned as ooeurring ni-ar Palouse, but remarkably fine and pure. 

' I hftve not visited the pits from which this material is obtained, hot 
from it« character it appears to belong to tlie series of de]io8ils under 
consideration. 

Depoaifs of vdcanif: dust uml lapiUi — On a previous page mentiiui 
has been miule of a layer of pure-white volcanic dust beneath a thick 
sheet of columnar basalt in Snake River Canyon, aljove the month of 
AlpowA Creek. This deposit owes its origin to a violent volcanic 
eruption, the location of which is unknown, that blew great quanti- 
ties of exceedingly fine dust high in the air. The dust wan carried 
by the wiud to great distances and spread as a sheet over the land. 
This eruption occurred during one of the later inter^'als in the oul- 
pouring of the Cohimbia lava and the deposit was buried by the next 
succeeding lava overflow. The stratigraphic relation of this l»edof 
volcanic dust tothe overflow of Columbia lava is similar to that of Ihe 
interl>edde<l laoustral clays and stream-deposited sand. 

In excavating for an irrigating canal on the side of Snake River 
Canyon at Pigeon Rock, below Asotin, a l>ed of coarse, yellowish, 
fragmental volcanic material over 10 feet in thickness was exposed. 
This deposit has compact lava sheets above and below, and owes its 
origin to the deposition of fragments of volcanic rock, frequently i 

iwoiian Inlands and Pooplu; a lecture dellrereil at the Uuitwl SUt« 



BCWBLL.] GEOLOGICAL FOKMATION& 55 

inches in diameter, which were blown out by a volcano, or perhaps 
formed by molten lava coming in contact with water. The fragments 
composing this lapilli sheet are of the same character as the dense, vit- 
neoos layers already described as forming the under surface of a lava 
iheet at Spokane. These lapilli dex>osits, unlike the sheet of white 
volcanic dust mentioned above, belong to the eruptions that poured 
'Ut the Columbia lava, and are not, therefore, of distant origin. 

Resume. — Interleaveil with the sheets of basalt forming the series 
amed the Columbia lava, there are, as just shown, sheets of lacustral 
lay and of stream-borne gravel and sand, and layers of volcanic dust 
ad of volcanic fragments termed lapilli. The lake beils appear to 
3cur mostly near the border of the lava-covered country, for the 
^ason that, in eastern Washington at least, the lava sheets flowed 
►ward the mountains, and on congealing dammed their draining 
reams. The surface of the cooled and hardened lava flows must 
*ve had a slight slope in the direction of flow. The supposed absence 
• lake beds over the more central portions of the lava may be due to 
lack of information, but seems to be a necessary result of the manner 
I which the lava sheets encroached on the mountains and blocked 
leir draining streams. Shallow lakes were probably formed on the 
irfaces of the cooled lava sheets far from the mountains, but being 
i a distance from highlands that could furnish debris, the}' would 
)t be deeply filled, and records of their existence would not be 
tDspicuous. 

The layers of volcanic dust, from the nature of their ongin, should 
) widely spread, but up to the present time they have been observed 

but few localities. Sheets of lapilli have been noted in the Big 
and country and near Asotin, but whether they are extensive or not 
mains to be determined. These various deposits found between the 
yers of Columbia lava at different horizons not only record interest- 
g episodes in the history of the basaltic inundations, but, as will be 
Lown later, have a direct and important bearing on the question of 
tesian water supply. 

JOHN DAY SYSTEM. 

In my report of a reconnoissance in central Washington, already 
ted, ceilain lacustral deposits are described which rest on the sur- 
ce of the latest extensive lava flow of the Columbia system. This 
ries of lake sediments consists principally of stratified clays, with 
ick strata of white volcanic dust, and in certain localities contains 
Mis of coarse conglomerate. It is termed the John Day system, for 
e reason that it is thought to be an extension of a similar formation 
hich occurs in John Day Valley, Oregon. The connection between 
lese two areas has not been actually traced, however, and the corre- 
tion just suggested must be considered as provisional. 
Beds of light-colored clay and of white volcanic dust, which have 
5en referred to the John Day system, occur at the White Bluffs 
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of the Columbia, 30 miles above Pasco, and are also well exposed in 
Naches Valley and near EUensburg, in Yakima County. At these 
localities the impressions of the leaves of a large variety of plants 
and the bones of extinct animals have been obtained. The plant 
remains indicate that the shores of the ancient lake into which they 
were blown or washed by tributary streams were clothed in a varied 
and beautiful flora, resembling, in a general way at least, the vege- 
tation of the South Atlantic and Gulf States at the present day. In 
the ancient forest and about the shores of the old lake, now known 
as Lake John Day, a veritable menagerie of strange and in part 
gigantic beasts found a congenial home. 

From the White KlufTs of the Columbia southward to the region 
described in this rei)ort there are no barriers, but the surface of the 
country rises gradually from the broad valley of the Columbia to the 
basaltic plateau of northeastern Washington. From studies made 
along the Columbia in 1892, 1 was led to the conclusion that Lake 
John Day extended far eastward and covered nearly all of southeast- 
ern Washington, even to the base of the Blue Mountains. This \iew 
is now known to have been in part erroneous. The sediments of 
Lake John Day are but poorly exposed to the east of Pasco and 
Wallula, and their extent in that direction, although not clearly 
shown, is certainly far short of the Blue Mountains and of the Idaho 
boundary. They cover the Eureka flats, however, as is shown by a 
well 198 feet deep at Eureka Junction, which is all in strata similar 
to those exposed in the White Bluffs of the Columbia, but does not 
reach the bottom of the formation. Fossil leaves were found in the 
rock removed in digging the well similar to those obtained from other 
portions of the John Day system. With the exception of the rocks 
found at Eureka Junction, no exposures of the Lake John Day sys- 
tem have been recognized in the region treated in this report. The 
sediment of the old lake does not occur above the Columbia lava in 
the vicinity of Walla Walla, Dayton, and Starbuck, and its eastern 
shore must have been to the west of these localities. 

The lacustral deposits described in the preceding section as being 
interbedded with the Columbia lava are of about the same age as the 
John Day system and were accumulated under similar conditions. 
They should perhaps be included in the same system, but further 
study is necessary before a conclusion in this connection can be 
reached. 

RIVER TERRACES. 

In describing the canyons of Snake, Spokane, and other rivers in a 
preceding section mention was made of gravel terraces which occur 
in them. Little remains to be said in reference to these terraces* 
except to indicate their place in the geological history of the region 
where they occur. That they are younger than the Columbia lava 
and the lake beds, either interleaved with them or resting on their 
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arfaoe, is shown by the fact that they occur in canyons that have 
een excavated in these formations. The canyon of Snake River, for 
sample, was cut to its present depth before the gravels forming the 
reat banks which occur at certain localities within it were deposited. 
"he canyon was filled in with gravel from side to side to the depth 
f 360 feet and then reexcavated. Since the river cut through this 
ravel deposit, removing by far the greater portion of it, but little if 
ay progress has been made in deepening its bed in the solid rock 
elow. Evidently the gravel deposit belongs to a comparatively mod- 
ni episode in the history of the great gorge. Several considerations 
)ad to the conclusion that the canyon was excavated to its present 
epth in late Tertiary times, and was filled in witli gravel during the 
Glacial i)eriod. If this inference is correct, the amount of excavation 
one since the Glacial i>eriod is trifling in comparison with the work 
erformed by the river previous to that period. 

SOILS. 
ORIGIN OF SOILS. 

Soils in general consist of more or less thoroughly disintegrated and 
ecomposed rock. The surface layer usually contains organic matter 
drmed humus, derived from the partial decay or chemical alteration 
f organic matter, principally of vegetable origin. 

In many regions the breaking down of the rock supplies more 
laterial for soil making than is removed by streams or blown away 
y the wind. Again, denudation may keep pace with disintegration 
nd decay and all of the loosened soil material be removed, so as to 
*ave bare rock surfaces. Much of the soil material removed from 
ne area is redeposited in another area, and hence it fs convenient to 
ecognize two kinds of soils, classified in reference to whether they 
ave been removed from their place of origin or not. These two 
«neral classes are residual soils and transported soils. Under each 
t these divisions many minor subdivisions, dependent on chemical 
•r mechanical composition, have been recognized. 

The residual soils are such as originate from the disintegration and 
lecay of the rocks on which they rest. They are the residue left 
kfter a long process of weathering and leaching by i)ercx)lat ing water, 
rhich has removed most of the more easily soluble constituents. 
lome movements in the soil cap probably always attend this change, 
mt the residue remains practically on the area where it was formed. 
n recognition of this fact the term ** sedentary soil " is sometimes used 
Qstead of the one here employed. 

The transported soils consist of the products of rock disintegration 
nd decay and of rock abrasion, which have been removed from the 
lea where they were produced, usually through the agencies of 
treamBy glaciers, or the winds, and redeposited. A familiar example 
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of soil» of lbi» class is furitialmd by thi^ nitts, huuiIh, au<l ahiys fumi- 
iag the flood plains of streams. 

In the region represented ou the at^cumpaiiying mjtp not only itre 
both transported and roeidiial aoilK abundantly represented, liul srv- 
eral varieties of each, dependent on meehanlca) and chemical differ 
euws, tnay be easily recognized. 

SOILS l»F TUE VALLEYS ANIJ C'ANYLINS. 

The soils in the valley Uittoms in southeastorn Washinpton. miTP 
espet'lHlly in the smaller valleys and alon); the borders of the siimli'-r 
streaiiiH, nltlioiigh belonging strictly to the Iraiisported soils, are frr- 
(juently of the same eharaoter as the soils of the ailjacenl niil;ir»!s, 
or plateau snrfat-e, and have been i-emoved but shoi-t distani^'c.s tr»m 
their place of origin. 

The bott<om lands adjacent to Walla Walla River and tlie stimi !uim 
in Smike River t'anyon, in the valley of Spokane River ami cl^i'- 
wbere, are typical examples of transported soil. The mineral nnd 
rock fragments composing these soils are, in general, more varied in 
character than the grains in the residual soils, and have been brnusli' 
to the locjilities where we now find them by stream transporlation. 

About WaUulft and Pasco the country is covered over largi-arau* 
with sand and dust. The surface coverings of this desert-like n'ginn 
represent another vaiiety of transport^ soils, in which wind is llic 
transporting agency. 

The transpoiled soils in the region under discussion may !»■ piisily 
recognized, particularly on account of their topographic i-elalious nii'l 
the heterogeneity of the rock fragmcutA contained in them, ami iniii 
not be considered further at this time. 

8<1IL UF THE WHEAT LANDS. 

The deep, rich soil covering the broad basaltic plateau of .'inutli- 
eastern Washington and extending widely into Oregon and soulhnt'si- 
em Idaho is a residual soil formed by the disintegration and dwHV 
of the lava rocks on which it resta. This is the justly celebral*-'! 
soil of the wheat lands. 

To the residual material left by the breaking down and piirtifll 
solution of the lava have lieou added minor quantities of tenvslrial 
and volcanic matter; and cosmic dust, or the particles derivi-d rn>iii 
meteors which come to the earth from space, should also 1k> nientiuiLHl 
in this connection. 

The plateau is covered nearly everywhere with a rich soi! that iw 
unusually line and porous and free from stones and obstruction.s uf 
every kind. To the plow it offers scarcely more resistance tlian so 
mucli moal. The snrfaces of plowed fields are of a dark-brown, 
almost black color, due to organic matter or humus. This humus is 
in part an inheritance from the centuries during which the roUiug 
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plandB were covered with bunch grass, and in part has been derived 
nom the decay of the stubble of wheat fields. At a depth usually of 
to 8 feet below the surface the dark color fades away and the sub- 
til, equally fine and homogeneous, and having the same mineral 
3mposition, but of a light and usually a yellowish color, is rov(»aled. 
Tie subsoil varies in depth with the relief of the surface an<l with 
le topography of the underlying hard-rock surface, but is nearly 
Lways deep. Systematic measurements are wanting, but judging 
rom the thickness of superficial material revealed in wells, railroad 
ats, and other excavations, the subsoil has an average depth of 
etween 50 and 80 feet. Many natural and artificial sections that 
"cre exarainetl revealed a depth of 40 to 50 feet, usually without 
xposing the underlying rock. 

In all sections of the subsoil it appears as a fine, homogeneous, 
nstratified formation, having a uniform light-yellow color. ^ There 
re frequently indicati<ms of vertical joints, or narrow dividing planes, 
nt whether these have developed in the soil, or are i>ossibly an inher- 
i^ince from the basalt from which it was derived, is an open question, 
'raversing the subsoil from top to bottom are innumerable minute 
nd almost capillary tubes. These are, in a general way, vertical, 
vt they are curved and otherwise irregular. A single tube can sel- 
om l)e traced for more than 3 or 4 inches, and their extremities are 
Bldom discoverable, but se^ircely a cubic inch of the subsoil is with- 
ut a number of them. In the humus layer, however, they are absent. 

Geologists will, I think, at once recognize, from the above descrip- 
ion, the close similarity of this deep subsoil t^) loess deposits. This 
esemblance includes the color, the dust-like fineness of the material, 
he al)8ence of stratification, and the presence of minute and nearly 



' A cbarscterlstio sample of the soil of the wheat lands has Ijoon submitted to a mechanical 
iialfsismade by Milton Whitney, chief of the division of soils in the United States Department 
^ Agriooltare, with the followiDg results: 

Mechanicfil analysin of nttil from near Pullman, Wtuthingtim. 
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vertical tubes. These features also characterize the adobe deposits of 
arid re^ons.^ 

The close similarity between the soils of the basaltic plateau and 
the loess of China, which is supposed by many to consist of wind- 
deposited dust, has led some careful observers to conclude that the 
soil of eastern Washington is really a deposit of dust that has been 
drifted from a distance by the prevailing winds. The minute tubes 
referred to are considered under this explanation to be due to the 
rootlets or stems of grasses about which the dust was deposited, the 
plants continuing to grow as the dust accumulated. There are sev- 
eral objections to this hypothesis, however, as will be shown below. 

In numerous sections the surface of the basalt beneath the subsoil 
has been examined and always found to be deeply decayed. A grad- 
ual change can be traced from hard, black basalt, which reveals no 
signs of weathering, upward through yellow and partially disinte- 
grated portions of the same layer, to rock fragments that are soft and 
much decayed, and from this, again, to fine soil containing recogniz- 
able rock fragments, and finaUy to the exceedingly fine porous sul)- 
soil. Scores of localities where this gradual change is exhibited have 
been examined, and the number might easily be increased to hundreds. 

Chemical analyses of a large number of soils from various localities 
in Washington and Idaho, including samples from the basaltic plateau, 
have been made by the chemists of the agricultural experiment sta- 
tions at Phillman and Moscow.* These analyses show that the chem- 
ical composition of the soil on the basaltic plateau is such as might be 
expected to result from the weathering of the solid rocks beneath. 

The disintegration of rocks is usually accomplished in part by changes 
of temperature and by the expansion of water held in crevices and 
absorbed by pores and capillary passages, on freezing, and in part by 
the solvent action of percolating waters and, as recently determined 
by G. P. Merrill, the expansion of minerals in changing to a hydrated 
condition. Changes of temperature which cause the minerals com- 
posing a rock to expand and contract unequally and the freezing of 
absorbed water are important agencies tending to fracture rocks 
which are exposed to the air or but thinly covered with soil. A depth 
of a few feet of soil, however, checks this action, so that the deep 
decay so frequently to be observed can be safely ascribed to the chem- 
ical action of percolating water. The process is hastened by the 
presence in the water of organic acids, derived principally from the 
humus of the surface soil. The disintegration and decay of rocits 
that are sheltered from changes of temperature is brought about to a 

> I. C. Bassell, Sabaerial deposits of the arid region of the United States: Oeol. Mag. (London.*, 
Vol. VI, 1889, pp. 289-296, 343-850. 

3 Washin^rton State Ain^cultoral Ck>llege and School of Science, Expexlment Station, Pnllnua. 
Washingrton, Bnlletin 13, 1894, by Elton Fnlmer and C C Fletcher. UniTersity of Idaho Agri- 
cnltural Experiment Station, Bulletin 9, 1894, by C. W. McCurdy. 
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cnsiderable extent by the removal of some of their constituents in 
olntion. This process allows the grains and crystals which remain 
maltered or are but moderately changed to fall apart. We should 
otpect, therefore, that residual soils would contain less of soluble 
onstituents than the parent rock, and consequently a higher per- 
!€ntage of the more insoluble constituents. 

Samples of the basalt and of the subsoil and soil resting on it were 
collected by the writer and submitted to Greorge P. Merrill, curator 
►f the department of geology in the United States National Museum, 
'or special study. Chemical analyses of three of the samples are 
>re8ented below. The analysis of basalt is of a fresh and unaltered 
Mimple, being in fact a part of the specimen of which the mineral- 
>gical constituents are given on page 44; the subsoil is from a depth 
>f 30 feet in a railroad cut near Dayton ; the surface soil was taken 
'rom a depth of about 2 feet in a wheat field near the same locality. 

Analyses of basalt^ soil, and subsoil from near Dayton. 

[Analyst, George P. Merrill.] 



Constittients. 



Silica, SiO, 

Alamina, Al^Os 

Iron oxide, Fe,0, 

Lime, CaO 

Magnesia, MgO 

Potash, K,0 

So(la,Na,0 

Loss on ig^tion (principally organic matter) 



Basalt. 


Surface 
soil. 


Subsoil. 


47.85 

34.88 

8.27 
4.43 
1.83 
2.55 
0.95 


03.58 

22.36 

2.76 
1.82 
2.27 
2.02 
4.37 


65.^9 

22.19 

2.36 
1.85 
2.36 
2.08 
2.60 


99.26 


99.18 


99.33 



Herrill states: 

All of the material analyzed was first dried at 100" C. The analyses are not as 
^tailed as I wonld hke to make them, but are all that the limited time permits, 
drhaps the most striking fact in the analyses is the similarity in composition 
^tween the surface soil and that from a depth of 30 feet ; almost the only essen- 
U difference being, apparently, the larger percentage of volatile matter of the 
irface soil. Not having as yet separated the iron and alnmina, I am nnable to 
:coant for the apparent loss of these constitaents shown. From previons analy- 
B I am led to suspect that the iron oxides have been very largely removed. I 
d unable as yet to account for the apparent increase in potash in the decomposed 
Bteriala. It is possible, though hardly probable, that this is due to errors in 
lalysiB. 

In reference to the apparent increase in potash in the decomposed 
itteriali I wish to state that there is no reason for supposing that 
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alkaline or other fertilizers have ever been applied. Possibly the stub- 
ble of the wheat fields may have been burned, but this would only 
return to the surface soil a part of the mineral constituents derived 
from it in the growth of the grain. 

The close similarity between the composition of the subsoils, given 
above, and of the rock beneath it, is striking. All of the constituents 
of the rock except the silica and alumina are classed among the more 
soluble of the substances present in the earth's crust. The readiness 
with which they may be removed from rock by the process of solution 
is influenced, of couinse, by the manner in which they are combined, 
but the study of the products of rock decay has shown that lime, pot- 
ash, nuignesia, soda, etc. , are much more readily removed than silica 
and alumina. The analyses given above indicate no departure from 
this rule except in the case of the potash. The soil analyses show 
that there has been a loss in all of the constituents of the original 
rock except silica, alumina (?), and potash. The increase in the per- 
centage of potash, as remarked above, is surprising, and as yet unac- 
counted for. Organic matter and water have been added. The for- 
mer may reasonably be supposed to have been derived from huuins, 
while the latter indicates that some of the minerals have tiikcn up 
water and changed to what is termed a hydrated condition. If we 
omit these added constituents and recalculate the analysis, it will 
appear that the percentage of silica in the soil is 67 per cent, a decided 
increase over the similar constituent in the rock, and that each of the 
other constituents is proportionately increased. 

Several analyses of soils from the basaltic plateau, given in the bul- 
letins of the agricultural experiment stations mentioned above, show 
that the one just quoted is typical and represents about the average 
composition of the soils of the wheat lands. The analysis of basalt 
also is of a normal sample of that rock. 

The results of a chemical study of the soils and of the basalt are, 
then, in harmony with what is revealed on comparing the mineralogical 
composition of the basalt with that of the soils, and sustain the con- 
clusion that the soil has been derived from the rock which it overlies, 
and also that the disintegration is due, in part at least, to the solution 
of the more soluble constituents of the parent rock. The loss in bulk, 
due to the removal of portions of the more soluble constituents, is coun- 
teracted to a considerable extent, however, by the hydration of some 
of the minerals and by the addition of organic matter. This is an 
interesting fact, as it indicates that there has been at most but a mod- 
erate lowering of the surface of the plateau by the removal of matter 
in solution. Indeed, as the soil is far more open and porous than the 
parent rock, there has been a tendency toward an actual increase in 
the elevation of the surface of the plateau. How much this rise of 
the surface level has been counteracted by stream and wind erosion 
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remains to be determined. The fact that water percolating through 
soil leads to the removal in solution of some of its constituents is well 
known, and has been fully recognized in the case of the soils of Wash- 
ington by Professors Fulmer and Fletcher, of the Washington State 
Agricultural College, as is shown in the following quotation : * 

Besnlts of a large nnmber of analyses have shown almost conclusively that 
•oils in a reigon of abnndant rainfall contain less lime than soils in arid regions; 
pvoviding, of course, that neither are underlaid by or in the vicinity of limestone 
formations. [It will be shown below that this exception need not necessarily be 
made.] This fact is well verified in the case of our soils east and west of the 
Oascade Mountains, the average lime constituent of the former being three times 
that of the latter. This is specially significant in view of the fact that nearly all 
tlie soils of eastern Washington are derived from black basaltic rock. 

With the samples analyzed so far, it seems almost as if the lime percentages 
«re inversely proportioned to the amount of annual rainfall. 

For example, we find the following relations: 

XAm/o percentages. Annual rainfall. 

1.21271 

0.97dOV --. About 8 inches. 

1.7580 J 
1.0814J 

I'lo^l 20 to 22 inches. 

oiosoo) 

0.65501 

0.76d0 

0.3625^ 

0.4315- 

0. 1303 

o:S '^«i°^^^- 

It will be interesting to note whether future analyses will reveal this same rela- 
tion between the rainfall and the lime content of our soils. 

The origin of soils from the disintegration and chemical change of 
rocks is well known, and there is nothing novel, so far as general 
principles are concerned, in the interesting statements just quoted 
jn reference to the relation of the chemical composition of soils to 
climatic conditions.^ 

One of the most remarkable instances of the decrease in the soluble 
constituents of a rock when it passes into soil, given in the papers 
just referred to, occurs in the limestone region of the western part of 
Virginia, which, as is known to me from personal observation, is rep- 
resentative of a vast area in the South Atlantic States. The limestone 
referred to in general yields on decomposing about 1 per cent of insol- 

1 Washington State Agrricnltural Collefire and School of Science, Experiment Station, Bulletin 

]a,pp.d9-4o. 

•The processes of rock disintegration and decay, the formation of soils, their variation under 
diverse climatic conditions, etc., have been discussed by the present writer in Bulletin No. 52 of 
the United States (Geological Survey. A highly instructive analysis of the same phenomena, 
bj George P. Merrill, of the United States National Museum, may be found in volume 4 of the 
Joamal of Gtoology, published at the University of Chicago. References to many other papers 
an tbe same subject are given in these essays. See, also, A Treatise on Bocks, Bock-weathering, 
•Old Soils, by Gtoorge P. Merrill, The Macmillan Company, 1807. 



24 inches. 
48 inches. 
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uble residue which is available for making soil. Analyses illustrat- 
ing this are here inserted:* 

AticUysis of Trenton limestone and of the residue left by its decay, 

[Analyst, R. B. Biggs.] 



Constituents. 


Unaltered limestone. 


Besidnal clay. 


Silica, SiO, 


0.44 
1 0.42 

54.77 

Trace : 

Not determined . . _ 
Not detei*mined . . . 

42.72 
1.08 


43.07 

( 25.07 

I 15. 16 

0.63 

0.03 

2.50 

1.20 

0.00 

12.98 


AlTlTTiinft- Al.n. 


Iron oxide, Fe«0, 


Tiim«, OrO 


Maimesia, MtrO 


Pot4wh,K,0 

Soda, Na,0 


Carbonic acid, CO, 

Water, H,0 


Total 


99.43 


100.64 



The residual soil left by the nearly complete solution of limestone 
at the locality from which the sample analyzed was taken is a tena- 
cious reddish clay, and is so poor in lime that calcined limestone is 
found to be a desirable fertilizer. 

The change from basalt to residual soil on the surface of the great 
plateau of southeastern Washington is accompanied by less change in 
chemical composition than in the case cited of the formation of soil 
from the weathering of limestone, for the reason that so large a pro- 
portion of the basalt is composed of silica. 

It seems, therefore, both from a comparison of the mineralogical 
character of the fragments composing the soil with the nature of the 
minerals composing the basalt, and from a study of the chemical corn; 
position of the unaltered rock and of the soil, that the subsoil is the 
result of the disintegration and decay of the country rock. The sur- 
face soil is of the same character as the subsoil, except that organic 
and atmospheric matter and volcanic and probably cosmic dust have 
been added. 

An unexplained fact under this hypothesis is the presence in the 
subsoil of the minute and nearly vertical tubes previously described. 

TOPOGRAPHY OP THE WHEAT LANDS. 

The widely different ideas of the topography of southeastern Wash- 
ington that one might obtain from traveling through the canyons and 
from a journey over the plateau surface have already been referred 
to. It is to the peculiar topography of much of the surface of the 



1 Bull. U. 8. Oeol. Survey No. 62, 188B, p. JB4. 
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plateau where practically unaffected by tlie deep dissection accom- 
Dlished by the larger streamH that attention is here directed. 

The surface of the plateau in some regions is nearly as level and 
featureless as the prairies of Illinois, while in other portions it is 
liversified by hills and valleys, and in its native state, when covei*ed 
with bunch grass, was a rolling prairie. South of Snake River, espe- 
MHlly on the portions of the plateau which remain l)et ween the various 
tranches of Touchet, Alpowa, and Asotin creeks, the flat plateau- 
prairie lands are well displayed. North of Snake River, in the Palouse 
sountry, the rolling or hilly prairie predominates over extensive 
regions. 

There is a certain relation l>etween the smoothness or roughness of 
;he surface of the plateau and the arrangement of the streams, but I 
loubt if this is the sole reason for the contrast between the smooth 
ftorfaces of the fragments of the plateau between the deep canyons 
louth of Snake River and that of the hill plains to tlio north. Where 
ihe streams flow across the plateau they have excavated deep canyons, 
Brith comparatively few lateral branches. The rain falling on the 
Seep soil of the plateau is absorbc^d and percolated away. It is thus 
robbed of it« i)ower to erode. Under these conditions surfac^e chan- 
nels, like those so common in many regions having a clayey soil, are 
not formed. At a distance from master streams, where the subdrain- 
%ge was less i)erfect, the soil seems to have become saturated, and 
rillfl and rivulets appeared on the surface and flowed to brooks, and 
^hese to larger streams. The soil in such regions has been carved 
nto hills and ridges, with hollows and shallow valleys between. The 
iiills and valleys of the rolling prairie region, as will be shown ])elow, 
were still further modified by the wind. 

When one gains a comprehensive view of the surface of the pla- 
!;eau — as, for example, from the borders of the Blue Mountain uplift 
>r from the sharp summit of Steptoe Butte — it is seen that the con- 
broiling features in the topography of the surrounding country are 
ine to stream erosion. A map of the plateau would show that where 
bhe broad, level, plain-like features predominate, the land is incom- 
pletely drained. Tliere are no rill and brook channels ready to carry 
off the rain water, should it fall in sufficient abundance to form sur- 
face streams. In the hilly jKirtion of the plateau, however, as in the 
Palouse countr>% there are (•ountless small valleys and dc»pressions 
that join large channels and everywhere favor the running off! of sur- 
face water. The portions of the plateau's surface that have not been 
dtcbed by stream erosion are, in the language of geographers, young 
land areas, while the roughened surface of the rolling prairies f ur- 
tiishes examples of youthful topography, or, in this instance, of 
arrested development in an early stage of growth. 

These conclusions may not seem well founded to those who are aware 
Oiat the portions of the plateau between the deeply cut oauYcwv^ ^\<^ 
IBB 4 5 
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without surface streams. Even where the plateau surface is hilly 
and the numerous minor valleys and depressions favor complete 
drainage, there are not only no streams at any time during the year, 
but no stream channels in the valley bottoms. There was formerly a 
time, however, when precipitation was more abundant than now, and 
the land in what is now the rolling prairie was sculptured by a multi- 
tude of rills and brooks. 

The hilly prairie is characteristically developed in eastern Wash- 
ington, north of Snake River, and prob*ably extends to Spokane 
River. The most typical portion, so far as I can judge from personal 
observation, is in the region drained by Palouse River. The towns 
of Pullman and Garfield are surrounded by the characteristic hills 
here referred to, and from Kamiack and Steptoe buttes one can look 
down on tens of thousands of acres of hilly and undulating wheat 
lands, which in a state of nature formed a vast, hilly prairie. 

In this region hills with smooth, even slopes and rounded tops and 
crests, rising in general from 20 to 80 feet above the adjacent depres- 
sions, occur in thousands. Many of the hills rise to one general level, 
but none reach above it. The fact that the roughened surface of the 
plat'Cau is a broad plain is always apparent in a general view. 

One feature of the hills which especially attracts attention is that 
they are usually steep on the northeast side aijd slope gently toward 
the southwest. The steeper sides frequently have a slope of 20° with 
a liorizontal plane, and in many instances are slightly concave when 
seen in profile, while the more gently sloping sides descend at angles 
measuring 5° to 8°, and are frequently gently convex. These features 
may be recognized in the phot/Ographs of characteristic portions of the 
hilly plateau forming the accompanying plates. 

In many instances the extremities of ridges which present a steep 
slope to the nortlieast terminat.e at each end in tampering pi-olonga- 
tions extending northeastward, which curve slightly toward each 
other and partially inclose a hollow. Many of these amphitheater- 
like inclosures niaj^ be seen in the northeast sides of the hills about 
Pullman and Garfield. 

From what has been stated, the fact will be recognized, I think, that 
many of the hills of the plateau are similar in form to the liiUs of 
drifted sand termed ''dunes." 

The dune-like shape of many of the hills about Pullman was first 
pointed out to me by President E. A. Bryan and Prof. C. V. Piper, of 
the Washington State Agricultural College and School of Science. 
These gentlemen also stated that the prevailing winds of that section 
of the country are from the southwest. The hypothesis was thus sug- 
gested that the soil of the plateau, of which even the highest hills are 
composed, has been blown by the prevailing winds and piled up in 
part in dune-like forms. The similarity in physical properties between 
the fine soil of the wheat lands and the equally fine, dust-like deposits 
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in China, termed loess, and believed by some geologists to ])e wind- 
l3orne deposits, as previoasl}*' suggested, seemed also to give weight 
to the hypothesis that the hills under consideration are of eolian 
origin. The idea has been suggested that the soil of the wheat lands 
has been brought by the winds from a desert region to the southwest, 
l)ut there is no extensive desert area in that direction, and besides, 
HB we have already seen, the minoralogical and chemical composition 
of the soil and its transition into disintegrated rock and finally into 
aolid basalt shows that it originated in the place where we now find it. 

The prevailing and characteristic dune-like shapes of the hills is 
sufficient evidence, however, that their contoui-s have been modified 
to some extent by wind action. As already stated, the main topo- 
graphic features, even where the dune-like hills are best displayed, 
are such as are pnxluced by erosion. The partially filled depressions 
between the hills have continuous slopes, which would furnish natural 
and unbroken diaunels of escape should the rainfall become suffi- 
ciently abundant tf) initiate surface drainage. 

The best explanation I can offer of the origin of the hilly topogra- 
phy of the less deeply dissected portions of the basaltic plateau is 
that the principal changes in the relief of the surface of the originally 
flat and featureless plateau are due to stream erosion at a time when 
the precipit'ation was more copious than now, and that with a decrease 
in precipitation the forms of the hills, left in relief by the c»xcavation 
of the valley, were nnxlified by the prevailing winds. The fine soil 
was blown from the southwest sides of the hills, which trend north- 
west and southeast, and accumulated on their leeward slopes. But 
this action has not been carried far enough to obliterate or to greatly 
modify the topographic forms due to previous stream erosion. In no 
instance dunng a careful search extending over several days was I 
able to find a single valley or depression which was not connected 
with the present lines of draiimgcj by valleys and dells that would 
admit of complete surface drainage in the ca,se of a heavy rainfall. 
This evidently would not. have been the case if the wind had been 
the controlling agency in modelling the relief of the plateau's surface. 

The steep northeast slopes of the hills, as already mentioned, fre- 
quently have concave profiles. These curved slopes suggest the pro- 
files of volcanic cones formed of fragments blown out of a volcano 
and falling al)out its sides. They are the reverse of the convex 
"weather curves" produced by the removal of the surfa<*e of an 
uplift in the proc<»ss of weathering. The concave sides of the hills 
have such profiles as would 1x5 formed by material blown over their 
crests and accumulated on their lee sides; while their summits and 
southwest slopes present such profiles as normally result from 
weathering. 

Excavations in the hills have in some instances shown a greater 
depth of fine, dust-like soil on the lee side of their crests than on the 
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wintlwaril Hide. In soiuu eauwa a clayey suLsuil in met with Ht a d^plb 
of a few feet on the southwest side, while on the opposite si<le h ilwp 
toesH-like soil prevails. This has been noticed in the college farm nl 
Pullman, as I have Iwen informed by President Bryan, where day 
interbedded with- thu Columbia lava has influenced the chaciwier al 
the soil. In railroad cuts deposits of fine, dust-like soil having a depth 
of 30 or 40 feet have been observed in several instances on the niirtb- 
oast Btdo of hilU; while in similar cuts on the southwest slopes of 
con-espondiug hills they would b© less thick. Rock exposures «» 
perhaps more numei'ous on the northern sides of canyons than on their 
southern sides, owing to the accumulation of soil in the lee of thwr 
southern walls, but I am not aware that there is a marked t«nilciii-y 
in this direction. 

I have thought, also; that a difference is observable between sral 
that has been moved and redeposited by wind and soil that remttioh 
iu place, but the differences between the two are so slight and their 
junction so indefinite that no sharp line of division can usually be 
recognized. 

It is possible that the vertical tubes described on a prerious page 
occur only in the soil that has been moved by tho wind. The tubes 
referred to are certainly abundant in the soil on the northwest slopes 
of hills, but whether they ai-e absent in soil that has not been disturbed 
remains to be proven. 

The valleys in the surface of the hilly plateau have characteristics, 
also, whicli are novel to one familiar only with a well-watered couDlrj. 
The great majority, and in fact nearly all, of the valleys of the plate«n, 
except such as are traversed by streams flowing from the bordering 
mountains, are flat bottomed and without stream chanmils. These 
valleys are usually deeply filled with line .soil of the same characlpr 
as that forming the adjacent hills. In cross section the valleys are 
level-floored, but in longitudinal section their even surfaces would 
show a gentle inclination toward the deeper valleys to which tbey 
lead, and in which there are streams flowing from the neighboring 
mountains. 

As stated in connection with the description of other climatic feM- 
tnres of eastern Washington, the precipitation is small, averaging 
about I C> inches annually. The deep, fine, porous soil absorbs the nun 
as it fiills and the water formed fruin melting snow. It is to this taui 
that the possibility of raising wheat and other cereals on the broad 
plateau is due. All of the annual precipitation except what is re- 
turned tfl the atmosphere by direct evaporation, as when snow van- 
ishes before a wann wind without melting, is not only absorbed by 
the soil, but is retained, to a great extent, near the surface. In exca- 
vations in excess of 15 or 20 feet on the plateau surface, I have been 
informed, dry soil is usually reached. 

It is a striking fact, especially on the hilly portion of the platuo, 
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Uiateven the steepest slopes, in many instances having an inclination 
of from 20** to 30**, are without rill marks. This is not because there is 
B mat of roots Ending the soil together and thus preserving it from 
washing, for the surfaces of. the plowed hillsides are smooth and 
nnscarred by gullies. It is the custom generally throughout the wheats 
growing region of eastern Washington, as already stated, to harvest 
bat one crop in two years from a given area. The farmers have 
learned that by this method they can obtain about as much grain as 
if the land were sown and harvested each year. Inquiries as to the 
reasons that make this possible have not elicited satisfactory answers. 
The suggestion has occurred to me, however, that possibly the evap- 
oration from a plowed field is so much less than from a field covered 
with growing grain that by plowing the land and leaving it unsown 
every other year a greater store of moisture is secured for the alternate 
years, when a crop is raised. This suggestion is in harnionj^ wit h the 
well-known fact that the conditions which are favorable or unfavor- 
able to agriculture on the basaltic plateau, with reference esi)ecially 
to moisture, are delicately balanced. When a slight increase over the 
average annual precipitation is experienced, an abundant harvest is 
secured; but if the precipitation — particularly tlu* amount of snow — 
is small, the effect is seen in a diminished harvest. This statement 
most be qualified, however, since the amount of precipitation is not 
the only important climatic factor on which the success or failure of 
the harvests depends. In winter the snow, although perhaps abun- 
dant, is sometimes evaporated by warm, dry winds, without melting, 
and therefore fails to add to the store of moisture in the soil. Hot 
winds occur sometimes also in spnng and early summer, and wither 
the young grain. 

The semihumid character of the climate of eastern Washington, 
shown by the conditions limiting the cultivation of cereals, leads nat- 
urally to the consideration of the possibilities of irrigation and of 
artesian water supply. 

IRRIGATIOX.' 

Region soiUh of Snake River. — To a person traveling through south- 
eastern Washington, a truly astonishing feature of the country is 
the great quantity of water flowing from the Blue Mountains. I 
have already directed attention to the fiu*t tliat on what has been 
termed the wheat-land plateau all of the water that reaches tlie soil 
is absorbed. The same is true among the Blue Mountains, which are 
in reality a more elevated plateau of the same general character that 
has been deeply dissected by stream erosion. This uplift furnishes 
a splendid example of mature drainage — that is, a drainage system 
which has cut down its principal channels approximately to the level 

>For cUita on water sapply and irrigation from Umatilla River, see Bull. No. 131, Report of 
Pi 'ogrcM of the Dtrlskm of Hydrography, United States Geological Survey, for 1803 and 1894, 
pp.aB-78. 
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of the master stream iulo which they discharge. The principal streams 
have developed innumerable lateral branches, so that tlie entire rej^o" 
is well dminod. With the deepeninp: of th» stream ^h ami el n therv 
has lieen erosion of the intcrstroam spaqes, and inntciu] of tlHt-toppo<l 
talilcH, only sharp, serrat* ridges remain. These stream chaimelBare 
no older than the less well -developed channels on the lower plateau, 
but the advantage gained from the great«r elevation uf the land has 
given the flowing waters greater velocity and enabltwi tliwni t^i progresa 
with their appointed tjisk more rapidly. 

Rock disintegration and decay has kept pace with.. and in rocciit 
times exceeded, denudation, and every depression and every shelf no 
the canyon walls ia filled and covered with «oil. This soil is of the 
same character as that of the wheat lands, except for the frequent 
(lepnrrcnee of angular rock fragments in it. All portions of the Intri- 
cate system of ridges composing the so-called monntaina, except the 
actual cliffs and precipices, are thus soil eoveix>d. 

Among the mountains, as on the hill slopes of tlie wheat lan^ 
there is an absence of rill marks. Earth slopes having a descent of 
fully i5" arc usually without rill marks or scars of any kind due to 
erosion. The few miniature water courses that do occur on snch 
slopes are the result of the infrequent storms known as "doiHl- 
bnrata." TTic water absorbed by the porona soil piu<ises down inlo tli'' 
jointed and frequently seoriaceous bastilt below, and by slow pereol*- 
tion feeds perennial streams. 

As already described in the section nf this report devoted to drain- 
age, and as wliowii on the accompanying map, there are many ereelis. 
some of them having the volume of rivers, ra^liating in all directions 
from the Blue Monntaius. Each of these streams flows throaghout 
the year and carries a never-failing flood of clear, cold water down 
to the parched valleys below. Each of these streams, with the exw])- 
tion of the Grande Ronde, can be utilized to its full capacilyfuf 
irrigation. 

The Grande Ronde in all of its lower conrse, as already sluiim, 
flows through such a rugged canyon that seaix'ely any land can If 
economically irrigated by it. Here and there along the main river, 
however, and on its branches, are small areas, -lome of which may I* 
watered from the river it«elf or by lateral streams. The productivB 
nesB of these areas makes them esi>ecially valuable for orchards sn'i 
gardens. It is in these sheltered recesses that fruit, vegetables, 
tobacco, of«., may be raised, while the canyon sides and much of tlif 
plateau surface, some 3,0U0 feet above, is available tor stock range* 
Towartl the headwaters of the river broad areas of the plateau surface 
still remain and are clothed with forests. This land, when cleared. 
will produce wheat, but it is to be hoped that much of it will te 
retained in nearly its natural condition as a forest preserve. 

The other streams referred to, which radiate from the Bine 
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t^ins of Washington and adjacent portions of Oregon, flow through 
^nyons, but in most instances are bordered by narrow flood plains, 
elevated but a few feet above their channels, or by ancient terraces, as 
n the case especially of the Walla Walla and several of its branches. 
3f the streams under consideration, the ones least favorably circum- 
itanced for [irrigation purposes are Asotin and Alpowa creeks. But 
3ven these can be utilized, as is shown by the canal described l>elow, 
xrhich leads the water from iVsotin Creek about the face of the bluffs 
forming Snake River Canyon and delivers it to imgable lands opposite 
Lewiston. The Alix)wa flows for a large part of its course in a narrow 
^rgo, but near its mouth and along the adjacent portion of Snake 
River there are lands so situated that they can be irrigated. 

In the absence of a topographic survey of the Blue Mountains and 
idjacent regions, it is not practicable to designate in a report of the 
character of the one here presented what lands can be economically 
rrigated or where storage reservoira can be constructed to the best 
idvantage. From the point of view of the engineer, however, it 
seems priicticable not only to utilize for irrigation purposes all of the 
irater flowing from the Blue Mountains in summer, but to store a 
Brge portion of the winter run-off and hold it for use during the grow- 
ng season. 

As is only too well known, the main obstacles to the full utilization 
}t the water now running to waste in many arid regions — and south- 
eastern Washington is no exception to the rule — is the rivalry of indi- 
ridual owners of land and of water rights. No general plan of using 
,he summer flow from the Blue Mountains or of storing a part of the 
vintcr run-off can be carried out, however practicable it may seem to 
he engineer, until a largo number of the owners of land in the region 
o be affected give their consent and cooperate in ciirrying out far- 
•eaching plans for the public good. 

In writing of the i)ossi bill ties for irrigation in the region to the 
lorth of the Blue Mountains — ^and what has l>eeu said will apply also 
o large ai*eas in the adjacent portion of Oregon — attention has been 
Urected mainly to the canyon bottoms and to the ancient stream ti'r- 
lices. The engineer sees possibilities, also, in the direction of irrigat- 
ng some portion of the wheat-land plateau between the deeply sunken 
itream channels. 

To the north ward of the Blue Mountains, more especially in Garfield 
ind Asotin counties, the plateau surface rises gently toward the moun- 
ains, and in some instances could be watered by diverting the streams 
lear their sources and before their channels became much depressed 
lelow the general level of the plateau. Little attention has been 
lirected to the i)ossibility of diverting the waters of the several 
tranches of the Asotin, Alpowa, and Tokanon in their upi)er courses, 
,nd conducting them into the broad areas between the deep canyons 
f the main streams lower down, but this seems feasible to one making 
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a hasty examination of the region, especially if storage reservoirs can 
be established. The possibilities here referred to are illustrated at 
Anatone, about 14 miles southwestward from Asotin, where the water 
of George Creek, one of the tributaries of Asotin Creek, has been 
diverted with but trifling expense and carried to a nearly level area 
of rich wheat land conveniently situated for irrigation. This small 
experiment certainly suggests other possibilities in the same region. 
There is reason to believe that a careful survey would show available 
reservoir sites near the sources of several of the mountain streams, so 
situated that broad areas of the plateau could be watered from them. 

At present little use is made of the water flowing from the Blue 
Mountains in comparison with what is possible from an engineering 
point of view. Small ditches have been made in« number of instances, 
particularly in the neighborhood of Walla Walla, for the purpose of 
irrigating gardens and orchards. In the lower portion of Walla Walla 
River about half a dozen water wheels arranged with buckets are in 
use. These raise the water from the river to a height of 15 feet and 
allow it to flow in ditches to orchard and garden lands. Each wheel 
is said to be capable of irrigating from 8 to 10 acres of land. In addi- 
tion to these uses of the streams for irrigation by individuals a few 
attempts have been made by companies to construct irrigating canals. 

What is known as the "Willis ditch," constructed by the Willis 
Land and Improvement Company, is taken out of the Walla Walla 
at the mouth of Mill Creek. The head of the ditch is in the southeast 
quarter of section 31, township 7, range 35, and extends westward 4^ 
miles, but is surveyed for 10 miles farther. This canal is 20 feet wide 
at the top and now carries 16 to 18 inches of water, but when in full 
operation is planned to carry a stream 2 feet deep. I have been 
informed that it now irrigates about 4,000 acres of land. 

The "Hawley ditch" leaves the right bank of the Walla Walla at 
Raymo, and is 8 miles long, although only 4 miles are now in opera- 
tion. It is said to carry 60 cubic feet of water per second, and to 
irrigate about 1,000 acres. When completed it is estimated that it 
will irrigate between 1,500 and 1,600 acres. 

On the opposite side of Walla Walla River the Walla Walla Irriga- 
tion Company has constructed a ditch, beginning farther upstream, 
and now completed for about 4 miles, but it is not in operation. If 
the .present plans are carried out, this ditch, when finished, will be in 
the neighborhood of 20 miles long and capable of irrigating some 4,000 
or 5,000 acres of land. 

In the canyon of Touchet River, about 4 miles above its mouth, a 
ditch has been constructed on the left bank of the stream. One and 
one-half miles below its head it is divided, one half being carried 
across the river to the left bank. Its capacity is about 60 cubic feet 
per second, and at present it is said to irrigate 2,000 acres. 

Such information as is here given concerning the more comprehen- 
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Bive plans that have beeu made for using the water of Walla Walla 
River and its branches was furnished by various gentlemen interested 
in the improvements mentioned. More detailed information could 
not be obtained, for the reason, in part, that some of the companies 
engaged in this work are involved in litigation growing out of the 
complex problem of riparian rights. 

Snake River Canyon, — Snake River, although a magnificent stream, 
is not available for the irrigation of the surface of the plateau through 
which it flows, for the reason, as we have already seen, that it is 
deeply sunken in the rocks of the plateau. There are several areas 
in the bottom of the canyon, however, from a few acres to 300 or 400 
acres in extent, which can be irrigated from the main river or by the 
waters of some of the tributary brooks and creeks. The soil at the 
localities referred to is river sand, exceedingly light and porous. It 
contains much mica and considerable lime, due in part to the presence 
of shells of fresh- water mollusks, and when irrigated is well adapted to 
fruit culture. Some of the finest fruit raised in Washington is grown 
on these sand bars, deep in the shelter of canyon walls. 

The boldest scheme in the way of irrigation yet put into operation 
in southeastern Washington is one that was practically completed in 
1896 by the Lewiston Water and Power Company, on the west side of 
Snake River, below Asotin. The canal referred to diverts the water 
of Asotin Creek, and carries it along the precipitous south side of Aso- 
tin Creek Canyon, and about the face of a bluif at the junction of 
this canyon with the broader canyon of Snake River, and northward 
along the steep side of the river canyon at an elevation of approxi- 
mately GOO feet above the river. The canal is designed to furnish 
water for irrigating about 3,500 acres in Asotin County, Washington, 
and also 4,000 acres in Idaho, near Lewiston. The following facts 
concerning this important enterprise have been kindly furnished by 
Messrs. C. C. Van Arsdol and E. H. Libby, of the Lewiston Water 
and Power Company: 

The water is taken from Asotin Creek abont 6 miles above its junction with 
Snake River, at an approximate elevation of 665 feet above Snake River, and is 
oondncted 6^ miles along the north slope of Asotin Creek by a flume 6 feet wide 
and 8i feet in depth, with a grade of 10.50 feet per mile; thence to a point north 
of Swallows Nest Rock, a distance of 8 miles by canal, 6 feet wide on bottom, 16 
feet wide on top, and 5 feet deep, with a grade of 2.13 feet per mile. Estimated 
caiMKdty, 127 cubic feet per second. From a point near Swallows Nest Rock the 
distributing laterals diverge. 

In the canyon of Snake River, above Asotin, there are narrow, 
detached strips of moderately flat land, having a width in some 
instances of 200 or 300 yards, composed of river silt and sand. These 
are nearly all on the west bank of the stream, and are bounded on one 
side by the swift-flowing waters and on the other by mountain-like 
walls of basalt from 2,000 to 3,000 feet high. A few of these narrow 
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iireofi lire now irrigated from small st reams Ihftt eoiuedown thofruk-hi'S 
in the canyon wall and are supplied by sprinjrs. In this portion ot 
the canyon of Snake River the water of the river itself is notnaed 
for irrigation. 

Below Lowistoii thei-e are also several localities where silt and fine 
micaceous sand brought down by the river has accumulated in ahfl- 
tered portions of the bottom of the caoyon. The largest of these atpas 
now under cultivation is at the month of Wawawai Creek, which snp- 
plies water for its irrigation. At this locality about 3W acrvs ar^ 
occupied by fine orchards of peaches, pears, prunes, et^. The*- 
orchards arc wonderfully productive, and furnish fruit of larRt" aitc 
and excellent nuality. Between Wawawai and the moutli of Snake 
River there are about half a dozen localities at which from « lo 14 acres 
of fruit land are under cultivation. Tlic total amount of liind in UiiK 
HCctiou now t)cing irrigattnl is in the neighborhood of 1(>0 acres. At 
most of these localities water for irrigation is raised from the river bf 
pumps o|>epated by undershot water wheels, ciurrciit wheels, located 
on raft«, tu* shown in PI. V. These wheels are, I l>plieve, all of one 
pattei-n. They are 18 or 111 feet long by fi to 11 feet in diameU>r, ami 
vary iu effectivenpss with variations in strength of cnrrent. One, 
owned by Mr. II. Gilbert, situatod in section 2fj, towmdiip II, rangt 
33, at the time of nty visit, August Ifl, was operating two snclion 
pumps, each of which made 20 strokes per minute, and liftiog abtnit 
one-half gallon of water to a height of 27 feet at each stroke. Ai 
more fftvorftble stages of the river the amount of water raiacd ia 
doiibli'il. TIk' wntiT is carried away iu Ji small llumc and irrifralcs 
about 1,000 fruit trees. 

The difficulties that have to be contended with in this comparatively 
inexpensive method of irrigation arise principally from variations in 
the height of the river. The portion of Snake River here considered 
rises during floods from 20 to 32 feet above the mean low-water stt^. 
The scows carrying the water wheels and pumps have to be moved 
from time to time to suit the varying height of the water. In winter 
the scows must be removed from the river to prevent destruction by 
floating ice. Dangers from driftwood have alsb to be guarded against, 
especially during high water. 

The river sometimes rises during floods to within 3 or 4 feet of the 
cultivated lands, and there is danger at such periods that the river 
will remove the deposits previously made and thiis destroy industries 
which it has required years to establish. This danger can probably 
be counteracted in many instances by planting willows and aiders 
along the river banks. The inhabitants in Snake River Canyon sboold 
certainly take every possible precaution against unusually high floods 
in the river, as there is but a small margin between the usual sprinj! 
rise and the surfaces of the sand bars where orchards and houses are 
located. 
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The Palouse country. — ^The surface of the wHeat-land plateau north 
of Snake River, drained principally by Palouse River, is, as we have 
seen, a rolling, hilly region. Irrigation is there impracticable, except 
in the larger valley bottoms. Scarcely any irrigation is now i)racticed, 
arnd my examination of the region was too hasty to admit of an opinion 
in reference to what may there be possible. It seems probable, how- 
ever, that here, as in many other portions of the arid and semihnmid 
re^ons of the United States, the storage of water must eventually be 
resortrcd to. 

^ topographic maj). — To those interested in the development of the 
many and varied industries of Washington, I venture to earnestly rec- 
ommend the early completion of an accurate topographic map of the 
State. Such a map, in the sheets covering the more thickly settled 
areas, and where irrigation is desirable and practicable, should be on 
a scale of 1 mile to the inch, with contour lines showing relief of 
surface, drawn with 20-foot vertical intervals. 

A knowledge of the drainage and topography or surface relief of a 
State is an important basis not only for irrigation but for planning 
country roads, railroads, canals, flumes, town water supply, etc., and 
in learning the best way to bring mines, timber, and agricultural lands 
in communication with markets. It is safe to say that the cost of 
nearly all public improvements and of many private enterprises would 
be greatly reduced if an accurate map of the State were available on 
which to base plans and estimates. The educational value of such a 
map, especially to school children in giving them a knowledge of 
home geography, is by no means the least of the useful purposes it 

would serve. 

ARTE8IAX WATER SUPPLY. 

The small rainfall of southeastern Washington, and the fact that it 
is impossible to irrigate by far the larger part of the grain lands, or, 
in many instances, to obtain wholesome water for towns and even for 
farmhouses, from streams or ordinary surface wells, have led to the 
hope that a subterranean water supply might be discovered. In a 
number of instances marked success has attended the drilling of 
artesian wells, particularly in the eastern portion of Whitman Count}', 
and stimulated a desire to have similar experiments made elsewhere. 

GENERAL CONDITIONS. 

Before the expense incident to the drilling of deep wells is incurred 
it is desirable to give attention to at least two considerations: P'irst, 
the conditions which render the obtaining of artesian water possible, 
and second, the geology of the region where it is proposed to drill a 
well. After a study of these questions in reference to a given locality 
one may predict with considerable confidence what measure of suc- 
cess is possible. 



76 A REC0NN0I8SANCE IN SOUTHEASTERN WASHINGTON. [mi 

What are termed *'the requisite and qualifying conditions of arte- 
sian wells " have already l>een fully explained in the publications of 
the United States Geological Survey,* and it does not seem necessary 
to restate them at length in this report. 

Briefly stated, an artesian well is one in which water rises under the 
influence of the pressure of water at higher levels. The suggestion 
that water sometimes rises in a well or boring on account of gas pres- 
sure need not be discussed at this time. 

In an artesian well the water sometimes rises to the surface and 
overflows, or it may be under sufficient pressure to form a fountain- 
like jet above the surface; in other cases the wat^r rises some 
distance in the well, but fails to reach the surface. In all these 
instances the well is classed as artesian. The question of surface 
flow is determined not only by the pressure acting on the water but 
])y the elevation of the surface at the mouth of the well. For exam- 
ple, a well drilled in a valley might reach a wat.er-charged layer of 
rock in which the water is under sufficient pressure to cause it to rise 
fountain-like above the surface; while a well drilled on a neighboring 
hill and reaching the same water-bearing layer would be only pa^ 
tially filled. If in such instances the casing or pipe of the lower well 
bo continued upward, its top remaining open, the water will rise 
within it to the same level at which it stands in the well drilled on the 
neighboring hill; that is, the water is under the same pressure in 
ea(*h instance. I make this explanation in reply to numerous ques- 
tions asked me during my field studies, as to whether an artesian 
well is necessarily a flowing well or not. In brief, an artesian well 
is one in which water rises under pressure; if the water overflows the 
surface, it is convenient to designate it as a flowing well. 

In order that water may rise in a tube drilled in the earth it is 
necessary for it to be under pressure; in other words, the water must 
be confined so that it can not flow away and thus I'elieve the pressure. 
The most common conditions under which this happens are these: 
Certain layei*s of rock of loose texture, as sand and sandstone, become 
water-charged, and the water is confined in them by other layers 
above and below which are impervious to water, such as clay. If a 
water-charged layer of sand between two layers of clay is inclined, 
the water will percolate through it. If the central portion of such a 
water-charged sheet is depressed, the water in the surrounding por- 
tions will tend to flow toward the depressed central area. The water 
in the central i^ortion will then be under the pressure of the water in 
tlie more elevated portions of the porous layer. Evidently, under 
such conditions, if a hole is made from the surface through the upper 
layer of clay, it will allow the water to rise to the surface, or until it 
stands as high as the lowest outlet in the rim of the basin. These 

* The requisite and qualify ing conditions of artesian wells, by T. C. Chamberlain: Fifth Ann. 
Rept. U. S. Gool. Survey, 1885, pp. 125-173. Residents of Washington may find it profitable to 
consult also: '' General principles pertaining to artesian water,'* in A Qeological Reconnoiaaanoe 
in Central Washington, by I. C. Russell: Bull. U. S. Qeol. Surrey Na 108, 1808, pp. 30-38. 
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conditions are illustrated in the following ideal section across an 
artesian basin: 
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Fig. 2.— Ideal section illastriitiiig the chief conditions of artesian wells. A. a porous stratnm; 
B and C, impervions beds below and above A, uctinf? as coiiflning strata; F, the height of the 
water leveU '* artesian head," in the jrarous bed A, or, in other wordn. the height of the reser- 
Toir or fountain bead; D and E, flowing wells springing from the ix>rou8 water-filled bed A. 
(After T. C. Chamberlin. ) 

In nature we find examples of what, for convenience, may be tormcHl 
incomplete artesian basins; as, for instance, when an inclined pervious 
bed, a layer of sand, we wiM say, thins out on its lower edge and allows 
the sheets of impervious rock above and below it to come together. 
An ideal example of this character is shown in the following cross 
section: 




Fio. 3.— Ideal section illustrating the thinning ont of a porons water-bearing bed. A, inclosed 
between impervions beds, B and C. thus furnishing the necessary conditions for an artesian foun- 
tain, D. (After T. C. Chamberlin.) 

If the layer of sand is penetrated by a well drilled at D, the water 
will rise in an open tube to a height regulated by the pressure of the 
water in the sand above the locality where the well reaches it. 

The source of the water that rises in artesian wells is mainly the 
precipitation on the edges of the pervious beds where they come to 
the surface. In some instances the porous beds are (f barged in this 
way at their outcrops, hundreds of miles from where the water is lib- 
erated by drilling wells. 

The height to which wat^r rises in an artesian well, or, in the case 
of a flowing well, the height to which it would rise in a tube open at 
the top, if properly attached to the well, is termed the '* artesian head." 
This is illustrated in the waterworks of towns, where the water rises 
in the distributing pijKJs t.o the same level as the surface of the water 
in the reservoir from which it is drawn. 

From this brief outline of the leading conditioiis which favor tln^ 
possibility of obtaining artesian water it will l>e seen that the task of 
the geologist in this connection consists in ascertaining whet her alter- 
nating sheets of pervious and impervious rocks exist in the regions 
he studies, and, if the recjuisite succession of beds is found, whether 
the beds are so inclined as to bring a portion of the water in the per- 
vious layers under the pressure of other portions. In addition, the 
amount of rainfall and the quantity of water brought by streams to 
the outcrop of the porous beds; whether the impervious beds are 
broken; the changes which layers of rock undergo from one locality 
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to another; the depth to which the pervious layers have been eroded 
by streams; and several other limiting and qualifying conditions have 
to be considered and investigated. 

LOCAL CONDITIONS. 

In southeastern Washington and adjacent portions of Oregon and 
Idaho the rocks, as already described, belong in two series: First, 
the crystalline or metamorphic and igneous rocks, consisting prin- 
cipally of granite, schist, quartzite, and diorite, forming the mountains 
of western Idaho; and second, the lava sheets and interleaved sands 
and clays forming the wheat-land plateau and the Blue Mountains. 

So far as the question of obtaining artesian water is concerned, we 
may dismiss the regions where the metamoi^hic rocks and diorite form 
the surface. The original bedding in these rocks has been almost 
entirely obliterated by the changes they have experienced, and there is 
no succession of i)oi*ous and compact layers. The rocks have been 
folded and broken by joints, so that practically none of the requisite 
conditions for retaining wat^r under pressure are pi'esent. The 
fissures and cavities in these rocks are probably, in many instances, 
water-filled, so that wells drilled at the proper localities might allow the 
water in them to rise and possibly to overflow the surface. But these 
cavities are irregular, and, as far as can be judged, seldom present the 
conditions just mentioned. It is impossible for anyone to predict 
where such water-filled cavities exist, and the drilling of a liole in the 
rocks with the hope of finding one is to take one chance in a million. 

Tlie areas wliei'o t^franito, schists, qiiartzitcs, and diorites are r'xposed 
or occur a short distance ])elc)w the iinmediate surface are therefoR' 
to be avoided in all attempts to obtain artesian water. 

In the region occupied by Uw. C-oliimbia lava the rocks, althouirh 
foi' the most part of igneous oi-igin, arc in well-defined layers. l>ct werii 
the sheets of basalt, as tlu^ n^ader is already aware, there are layers 
of sand, volcanic dust and lapilli, and clay. This series of bods, 
alMiough apparently lioi'izoiital over broad areas, is in reality in niiiny 
h)(*alities slightly inclined. Conditions favorable to the hoi)e of obtaiu- 
in;^^ ai'tcsiau water are thus suggested. 

The basalt is not porous, except very imperfectly at the junctions.*!* 
mauv of the lavers, where it is scoriaceous, and it can not be coiisiii- 
(M'cd as a jxM'vious rock. It is traversed by innumerable joints ainl 
seams, and (evidently could not retain water under pressure. In itself. 
therefore, the basalt [)resents no condition that would encouraire th«' 
hope of lliiding artesian water. 

When sheets of sand and clay intervene between the layers of l>asalt, 
and the series is slightly tilted, more hopeful conditions evid(MitIy 
result. These conditions are fulfilled in a belt of countrv, some b' or 
15 miles broad, along the eastern border of Washington, north of 
Snake River, and extending at least as far as the northern boumlaiv 
of Whitman County, and pos»\b\y a\V Wv^ way to Spokane River. 
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The westerly inclination of the rocks in this section is extremely 
gentle, and, although not yet measured, may probably be taken at 
about 5 feet to a mile. The artesian head is consequently low, and 
it is only in the deeper valleys — which, however, have not been cut 
through certain strata of clay — that flowing wells can be obtained. 

EXISTING WELLS. 

The information here presented concerning the wells tliat have been 
drilled in southeastern Washington has been obtained from various 
persons who were especially interested in the results hoped for, but 
was furnished principally by Mr. A. L. Ebersol, of Garfield, Wash- 
ington. Mr. Ebersol began his work as a well driller in the oil fields 
of Pennsylvania, and has had several years' exx)erience in putting 
down wells under contract in Washington. 

Wells at Pullman. — Pullman is situated partially in a narrow, steep- 
sided canyon, cut in the basaltic plateau by one of the several branches 
of Palouse River, fbe bottom of the now partially filled canyon is 
about 200 feet below the general level of the plateau. The college 
buildings situated near the summit of the hills overlooking the busi- 
ness portion of the town are 220 feet above the station of the Union 
Pacific Railroad, which, as sh6wn by railroad surveys, is 2,340 feet 
above the sea. 

Fifteen wells have been drilled at Pullman, some of them in the 
bottom of the canyon and others on its borders. Those in the bottom 
of the canyon, 11 in number, are flowing wells, but those on the sides 
of the canyon above an elevation of about 2,365 feet do not overflow; 
that is, the pressure on the water in the pervious stratum penetrated 
by these wells is sufficient to raise it to a level of about 25 feet above 
the canyon's bottom. 

The hills bordering the canyon at Pullman are of basalt, which 
appears to be a single flow, and so far as can be ascertained by obser- 
vation and the use of a pocket level is horizontal. Beneath this heavy 
sheet of basalt is a stratum of clay, 25 to 30 feet thick, the upper sur- 
face of which has been hardened and rendered dark in color by the 
heat of the basalt spread over it. Below the clay is a layer of basalt 
60 feet thick; then comes a layer of granitic sand, which has been 
penetrated to a depth of about 12 feet without reaching the bottom. 
This sand is unconsolidated and abundantly water charged. 

It is reported that some of the wells furnished artesian water as soon 
as the clay layer was penetrated and that the volume increased until 
the sand was reached. This seems to indicate that the water rose 
through fissures and seams in the basalt, but not with sufficient free- 
dom to furnish the desired supply. The impervious layer is evidently 
the clay stratum, and the pervious layer is the loose, unconsolidated 
sand. Sand is thrown out of the flowing wells, and samples collected 
show that it is mainly quartz sand, with occasional fragments of gran- 
ite and basalt and much mica. This material is mainly such as wouH 
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be furiiisliecl by the disintegration of the quartzite and granite Uwrn- 
ing tlie hills l)ortlering the basaltic plateau on the east. With the 
quartz sand are mingled grains of basalt, which sometimes give it a 
dark color. 

The firat well drilled, that now supplying the Palace Hot^l, as staled 
by M. ( •. True, the owner of the hotel, was finished in May, 18i*4. It 
has a total depth of 77 feet, and reached flowing water at 65 feet. It is 
V) inches in diameter, and furnishes about 30,000 gallons per day. 
The well, beginning at the surface, passes through 12 feet of soil and 
cobblestone and .53 feet of solid basalt, and after passing through the 
basjilt it reaches about 12 feet in the siind beneath. The elevation at 
the surface is that of the general level of the canyon bottom, or l*,34«» 
feet. The water rises in pipes about 20 feet above the mouth of the 
well. 

On the opposite side of the street from the Palace Hotel a well was 
drilled for J. R. Ruply in 1889 to a depth of 73 feet. This weU is 
said to have been drilled in solid l)asalt, with the exception of the 
first 8 or 10 feet, which consisted of soil and loose rocks. The report 
fails to mention the stratum of clay which outcrops in the sides of the 
canyon near at hand, and which probably exists beneath the surfiice 
alluvium throughout the lower part of the town.* The Rnply well is 
G inches in diameter. It i*eached a stratum of mieaoeous sand, and 
water rose well al>ove the surface, as is shown in the photograph here 
reproduced. 

The well which supplies the town of Pullman was drilled in IS!*". 
and is <> inclH'S in dianiotorand 81 feet deej). The surfac^» levt'H> 
])raetically tlio same as tha^ of tlio Pala<*e Hotel well. The section 
l)assed tlirou^::!! is ivport(Ml to bo as follows: Surface .soil, 3 feet; <-lay, 
10 foot ; basalt, On iVet ; u:rav(4 and sand with lignite, 11 feet. Tln' 1h»i- 
tom of the lay<M' of sand was not reached. Water rose in an opni 
pipe -t) IVct above the surfacM^ or to a level alx)ut 2,3()0 feet alK)vetiu' 
sea. No deer(»as(^ in \\w pressur<» lias since been observed. Tii«' 
water is raised by steam i)unips to a reservoir on an adjacent hill ami 
fi'oni ther(* distrihutr^d for doni<*stie and town purposes. 

'i'lie thr(M' wells just (h^seribed are typieal (examples of the I'levoii 
flowing' wells now in oi)eration in tin* lower j)ortion of Pullman. Tin- 
wells on the sides of the canyon, whieli were begun alM)ve the artesian 
head of the water in th(» jMU'ons stratum, are illustrated by the oiir 
which snp|)lies th<^ college buildings. Tin* surface level at this wtl!. 
as sliown bv measurements with an aneroid barometer, is .*>n tV-t'i 
al)ov<' tlu* ^enei-al hn'<d of the street in the lower j)(>rtion of the town, 
or l\o70 f<M't ahove the s(»a. The well has a total depth of 144 t'eiM. 
and is reported by Mr. Kbersol, the contraet^)r, to have b(»en all in 
hasalt, e\'ce]it about .*><) fe(M of clay. The elay layer is reportcil tn 

' In tin- ri-porr u}>tuiiH'(l of s;,'v«tii1 oMior wells in Pullman all n'ft'renco to thisoliiy stratii:-.! ^ -- 
oi))itf«'<l. A jiO'isibl*' n-ason lor tliis ninisNion is that thf prico of drillinff is iisuHlly vari»'ii w'lt- 
thv rlmrm'tcr of tin* iiiatorial ]>ass*'d t\irou\»\\. 
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Hve been reached at 65 feet below the surface. The section exposed 
1 the valley of the canyon, however, indicates that the clay should 
ave been first encountered at about 25 or 30 feet below the surface. 
Vater rises to within 6 feet of the surface and is pumped to a reser- 
oir which supplies the college buildings, situated about 200 feet 
igher than the surface at the well. 

It does not seem advisable to record at this time all of the reports 
btained concerning the wells at Pullman, as careful records of the 
laracter of the rocks passed through were not kept, and in some 
[Stances the reports obtained are unsatisfactory for other reasons. 

The wells are all 6 inches in diameter. The contract price for 
rilling in surface earth and clay was in general $1 per foot, and in 
isalt $4 per foot. The water in all cases is beautifully clear, with- 
it occluded gases, and, with the exception of the Palace Hotel well, 

soft. The water of the exceptional well has not been analyzed, but 
8 taste suggests the presence of iron. None of the wells are cased, 
at much loss from leakage through fissures in the basalt is prevented 
Y the clay stratum near the surface. The wells in the lower part of 
le town begin in the clay or in superficial deposits resting on it. It 
. to be expected that westward from Pullman, where the branches of 
alouse River become deeper, the clay layer has been cut through, 
nd that the conditions favorable for obtaining artesian water will be 
npaired, for the reason that basalt allows water under pressure to 
M^ape through fissures. In such instances it is evident that all wells 
lould be cased down to the water-bearing sands. 

Several of the wells at Pullman are allowed to flow, thus wasting a 
irge volume of water and decreasing the pressure. If the blessings 
ccompan)ring 4he discovery of an excellent water supply are to be 
laintained, all wells should be closed when not in use. 

JVelLs at Moscow, Idaho, — At Moscow, Idaho, about 9 miles east of 
'ullman and near the junction of the Columbia basalt with the granite 
ills l^ordering it on the east, several wells have been drilled. 

I have been informed by Mr. Ebersol and others that fourteen wells 
ave been drilled since 1890, and that ten of these were flowing in 1891, 
ut since then the pressure has so decreased that the water now stands 

or 9 feet below the surface. The depth of these wells is in general 
bout 100 feet, the first 50 to 60 feet being through loose material — 
tie alluvial filling of the valley — and the remainder in basalt. 
Vhether a layer of sand was reached or not seems uncertain. The 
iformation available concerning these wells is meager and unsatis- 
actory, but it seems that the alluvium of the vallej' — much of it fine, 
lay-like soil — plan's the r61e of an impervious layer and retains water 
nder pressure in the seams and joints of the basalt, thus furnishing 
n approach to favorable artesian conditions.' 

Wells at Palouse, — Four wells have been drilled within a radius of 



1 It is probable that if these wellH were proiwrly cased a surface flow would result. 

irr4 6 
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about 20 feet in tlie busint'ss portion of Palouee, with the Iioiit' of 
obtaining a wal*!- supply for tho towTi. The last was complelpd ts 
IHM. The town is 8itiial«<l principally in a valley witti precipitou* 
borders 2H0 feet high. The wells are in the Imttom of the valley, 
and are siiid to be alMut 2(Ki feet deep and U> penetrate iiiat«-rial as 
follows : 

Fwt 

Earth anil citonem - H 

Ciiarso gravel - - 8 

Solid liawilt _ lOU 

Coarse Band . t 

"Blaok slate rock" --. aO 

Sand, water-bearing _ - 25 to 30 

Of these four wells, the first drilled is now closod, and the rvnwiii- 
ing three discharge coilectively atmiit 10 galluns per minitti'. Tb« 
wells are K iiiehos in diainel4>r at the top, but are said to decrease (e 
a inches, and again to 2 inch<>s toward the bottom. 

The wells are a fivilnre so far jis supplying the town is coneomod, 
but it is evident that if castugs ftmld l>e introduced their efhoiener 
wonhl bp increased. 

if'f.H id OarJieM.^A well has been drilled at Gariield wirli Ibo 
hope of obtaining artesian water for the town, but did not niwt with 
Buccess. The well is reported to have been drilled to a depth of abon' 
300 feeti with a 0-inch bit, and afterwards enlarged by excavating' la 
8 feet to a depth of 100 feet. From this well water is now pumped 
for the snpply of the town. The oxeawited portion of the well pas§»i 
through earth and bowlders; apparently the upper part of this iiml*- 
rial is a stream deposit and the lower portion disintegrat-ed basflll- 
Below the open well the drill passed through "honejK'onib" rock: l>y 
this is probably meant much-jointed and possibly scoriaeeous basyilt. 

James Wii/fer's irell. — Tliree miles northeast of Garfield, al lie 
residence of Mr. .Tames Walter, a drilled well 113 feet deep was win- 
plated in 1S[I2. This is a flowing well, and disehargoa a stream of 
wal^r 1:^ inches in diamet«r. The section passed through is report*"! 
by Mr, Walter as follows: 

Dirt Ifl 

Basalt - US 

Blue clay 5 to 8 

Gray day _ fltn 9 

Hard cement ..- '! 

Bine and yellow day. with quicksand, water-boaring 10 to 13 

The surface of the ground at the locality where this well was drillwl 
is reiwrtod to be higher than Garfield, but no measure of it« elevation 
is available. 

Other weUs. — Incomplete reports have Iwen obtained of not fewer 
than a score of wells, in addition to those nteationod above, in a b^t' 
of counti7 about 15 miles wide, extending northward from nesrSoais 
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River, along the eaHtem border of Washington. The time available 
for making a personal examination of this region was so limited that 
Little more than the facts here reported coald be obtained. 

The success which lias followed a large number of the attempts 
already made to obtain artesian water in this region, and the facts 
learned concerning the nature and relations of the rocks, certainly 
indicate that artesian water can be had at a moderate depth over a 
wide extent of rich agricultural land. 

The western border of the region in which artesian water can be 
had is indefinite. The region to the west of a north -and-south line 
passing through Garfield, including the greater part of Whitman 
Ck)unty and all of Adams and Franklin counties, is geologically 
unknown, except so far as the conditions there prevailing can be 
judged from what has been seen in adjacent areas. Whether test 
wells have been put down in this region or not I have failed to learn. 

There is no definite evidence in hand to show that the sands and 
clays penetrated at Pullman, Garfield, etc., extend far westward, but 
it is reasonable to suppose that such is the case. It is probable also 
that layers of clay and sand exist lower in the series than those pene- 
trated at Pullman, which may furnish similar conditions in the region 
to the west. 

Besides the presence or absence of pervious and impervious layers, 
the dip of the beds and the depth to which they have been dissected 
by streams have also to be considered. While there seems a proba- 
bility that artesian wells may be had over a wide extent of country to 
the west of the region at present explored, lack of definite information 
concerning that region makes it impossible for one to form an opinion 
in this connection. 

ARTESIAN CONDITIONS SOUTH OF SNAKE RIVER. 

The question of obtaining artesian wells in that portion of Wash- 
ington which lies south of Snake River resolves itself into two con- 
siderations with reference to source of supply: First, can water be 
had under conditions similar to those existing at Pullman from 
strata leading westward from the mountains of Idaho? Second, are 
there water-bearing strata dipping away from the Blue Mountains? 

With reference to the first of these questions, it is to be remem- 
bered that Snake River Canyon cuts off all possible sources of supply 
to a minimum depth of about 2,000 feet below the general surface of 
the basaltic plateau. We have only indefinite evidence as to the 
nature of the rocks below the level of Snake River. As the basaltic 
layers exposed in the canyon of that river are nearly horizontal, it is 
evident that the artesian head for any porous layers which may exist 
below the horizon of the river would be low. The manner in which 
the series of horizontally bedded basaltic sheets abuts against the 
metamorphic rocks on the east renders it extremely improbable that 
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auy dueply seated poi-ous Btratum could bo walei'-charged in Hucha 
manlier as to make it n source of artesian water. 

Tho ci)i]sidi>rHtii)iis just iudiwitod arc at supIi weight that there 
sefioif) no need of hesitation in dwiaring it uHi'less to hope for aiuioew 
in driUing wells in the region south of Snake River with the view»i 
ohtaining water from sources simitar to those which snppiy the wrI!« 
in thn neigh borhotKi of I'ullraan. 

Turning to tho second possible souii-e of artesian wal^T augge«l«l. 
niimcly, the Blue Monntains, we find tliat the rocks dip away twni 
thiit uplift, and also that they are atinmtautly wat«r-charge<3, T«" 
of the primary eondit.iona requisite for obtaining snbterranoan wat« 
under pressure are thus fulfilled. "lu'iuiries in at least two other 
dlreutiouamust beraado, however, hefoixt a<'onclHsion ean l)e nwliwi 
These are: First, are there layers of I'lay and sand iuterbeddt-d wiiii 
the ba«aH? and set-ond, have the rocks Iteon so deeply dis»ect«J by 
streams as to allow i)ervioua Ijeds, if they exist, t« l»e drained? 

Beds of elay and of fi'agments of volcanic rock (lapilli and viiUwni'' 
dusi) interbedded with basalt DC*.'Ur in the neighborhood of Asotin, 
uriil |i(i;-sibly extend southwestward and westward, but no esposiir™ 
of {hfs>' layers were seen by me in the Blue MountAins. My exawi- 
natiiin, however, was not sufficiently detailed to nrove that they aw 
there absent. 

The material forming the clay beds referred to was derived from the 
mountains of Idaho before the cutting of Snake River Canyon, ami 
probably thin out westward. No layers of sand like the one jielding 
water at Pullman are known to occur beneath the clays, ami thi' 
strata of lapilli and volcanic dust are not sufficiently pomiis I" l*^ 
classed as water-bearing strata. It is thus exceedingly doubtful if 
the succession of beds in the flanks of the Blue Mountains affords Ihe 
arrangement of pervious and impervious layers necessary for an arte- 
sian water supply. 

With reference t-o the depth to which the rocks forming the B!uf 
Mountains and the plat«au extending northwanl from them have been 
dissected by streams, it will be remembered that deep erosion has 
occurred. In the mountains there is a veritable labyrinth of cimyuns 
from 2,l.)00 to 3,000 feet deep. This deep eroMion, however, in favo^ 
able to the pi-oeess of cliarging with water any l^e^^^ouH layer thai 
may exist in the flanks of the range, since the edges of tho layerH aw 
exposed to the rain and to water flowing down the sides of the i^nyniis 
orpereolatingthrough the soil that mantles the cut edges of the straU- 

The canyons loading northward from the Blue Mouutaino won 
increase in depth, and the plateau in the northern portions of GarlieW 
and Columbia counties is deeply dissected. Evidently any porous 
strata that are cut by these canyons could not cont-ain water trn<iet 
pressure. The only possible hope for obtaining artesian wafer in lie 
OOUDties just mentioned is, therefore, below the level of the canyon 
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►ottoms. The expense of drilling wells from 500 to 2,000 feet deep 
lirougli basalt, as would of necessity be the case on the fragments of 
he plateau remaining between the streams, even if success at these 
lepths were assured, would preclude the use of water thus obtained 
or irrigation. 

In the canyons there is a chance that artesian water might be reached, 
►ut the conditions are so uncertain that the experiment of sinking 
rells below a depth of 100 or 200 feet should not bo made, except as a 
ast resort.. The more practical and entirely feasible method of utiliz- 
Qg the surface streams within the canyons makes it unwise to incur 
xpense in the search for subterranean water. The possibilit}^ of 
obtaining water from the allu>ium of the canyons will be referred to 
ftter. 

In the valley of the Walla Walla, in a general way westward of a 
ine connecting the cities of Walla Walla and Milton, Oregon, there 
s an absence of canyons. In this region, also, there is at least one 
;lay stratum interl)edded with the basalt, but no evidence of the pres- 
ence of layers of sand has been obtained. This is the only region in 
Washington south of Snake River where the hasty examination I have 
>een able to make suggests the possibility of obtaining artesian water 
it reasonable expense and where there are lands available for farming. 
2ven in this region the certain method of utilizing the abundant sur- 
face water is much to be preferred to the uncertainty of att^^mpting 
rO obtain flowing wells. Tlie geological conditions in the vallej' of the 
iValla Walla are not such as to warrant the prediction that success 
irould follow tlie drilling of a well, but simi)ly that tliere is a possibility 
)f success. The best locality for drilling a test well in this region is 
n the vicinity of Whitman. A trial made at Walla Walla would 
>robabl5' be equally decisive. At Whitman a depth of 150 to 200 feet 
)f surface material would i)robably have to be passed through before 
'ock in place would bo reached, but in this upper portion of the sec- , 
,ion flowing water is likel}^ to be met. At Walla Walla the superficial 
nat^rial — the bowlder and gravel of Mill Creek — is apparently not 
leep and might also yield flowing wat^r. 

In order to test the possibility of obtaining water at Walla Walla I 
ihould favor the project, already proposed, of drilling a well at the 
>tate penitentiary. To make the test conclusive, the j)roposed well 
jhould be drilled to a depth of 500 feet, if flowing water is not obtained 
learer the surface. 

WELLS IN ALLUVIUM. 

There are flowing wells of another class that require mention, but 
?ehicli are scarcely to be classed with true artesian wells. 

The deposits made in sti'eam channels and over flood plains are 
usually composed of irregular layers of bowlder, gravel, sand, clay, 
3tc., through which the stream waters percolate. The water in the 
pervious layers is sometimes under moderate pressure and will rise 



8(! A RECONNOISSANCE IN SOUTUEAfiTEUN WASIIINQTON. Iml 

to the Burface when wells are diig. The pervious beds are usuallj 
irregular and of small e^etit, and their water supply, being f urnifibed 
by the stream which deposited them, varieH with changes in the voluuif 
of the stream. No one can tell, without making practical test, whetber 
the perenlating waters in an allnvium-fil]e<l valley unll rise to the 
sni-faoe or not. The best way lo search for snclt waters, wberp 
the alluvium dues not contain large bowlders, is liy driving jiipis 
intw the ground. Where bowlders 1 fitot to 2 or 3 feet in diamHer 
ara met with, driven woIIm are inipra<^:ti cable. It is also diflimltikrid 
expensive tu drill through dBpunits uf bowlders, so that the imly prut-- 
ticahle method Hcems to lie t« make the excavation by liand. In swiin 
instances, when a atnmg flow of water is reached, if the bottom of the 
well is covered with cement, through which a pipe ie inserted leading; 
to tilt' enrftice, a surface flow may be obtAine<l. 

As is well known, the bottom of many of the canyons lending from 
the Blue Mountains are deeply filled with alluvium, in which wnt'.'r 
may Ire obtained. An excellent methwl of conducting the percolating 
wat*r of alluvial deposits to the surface and making them availaWe 
for use lower down the valley in which they occur, without pumping 
is in operation at Walla Walla. 

W^ATKRWORKS AT WALLA WALLA. 

Wftllft Walla Is now supplied with water from infiltration dit^a 
prepaivd in the eoarne gravel that forms the flood plain of Mill C'ri«k, 
about a mile above the central part of the town. The water from lie 
inliltriition ditches is conducted into reservoirs, from which it is Jls- 
Iriliutcd by gravity, 'ITie fall of Mill Creek in the vicinity of Wall* 
Walla is i)3 feet per mile. This rapid descent makes it possible t« 
locate reservoirs near the town. The infiltration ditches are dug *s 
open ditches to a depth of from 1'2 to 15 feet. At the bottom M 
' inverted trough made of planks is placed and covered with d«iii 
gravel to the depth of several inches. The gravel also fills the epaw 
between the sides of the inverted trough and the undisturbed material 
forming the walls of the ditch. The nmtjTial removed in digginglh* 
ditch is then i-eplaoed. The use of tiles in place of the inverttd 
wooden trough wcmld have advantages, hut would be more expensive. 

The infiltration ditches are located at angles of 30° to 40" with 
the direction of slope, and trend upstream. The water percolating 
through the gravel enters the inverted troughs from below and also 
flows thi-ongh tlie hKise gravel covering ttiem, and is conducted to 
reservoirs. The length of the infiltration ditches varies. As an 
example of their efiiciency I insert the following information, f^^ 
nished by the superintendent of the waterworks, concerning what is 
termed "Reservoir No. 2," This reservoir is a tank excavated in 
tiie gravel, but not lined, and sheltered by a timber and shingle roof. 
It is rectangular, measures 51 by 90 feet on the aides, and is 10 feet 
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leep. Two iufiltration ditches lead to this tank, one 500 and the 
>ther 800 feet long. Those discharge during the summer season about 
J20,00(J and 420,000 gallons, respectively, per day. 

There are two other reservoirs of similar dimensions, supplied in 
ike manner. The water reaching the reservoir is thoroughly filtered, 
wid at present, as shown by sanitary analyses, is wholesome and of 
xn agreeable temperature. 

This method of obtaining a water supply is recommended for its 
economy, and on a smaller scale might be advisable in many instances 
for farm purposes, in place of wells now commonly in use. The 
advantages over surface wells are that the water supply may be drawn 
from a distance from sources of cont^imination, and when properly 
arranged the trouble and expense of pumping are avoided. 

Tlio only objection that can be suggested to this method of supply- 
ing towns or residences with water is that it comes from superficial 
deposits and is in danger of contamination from houses, stables, et<3., 
situated upstream from where the infiltration ditches are located. 
In countries of small rainfall, where the streams are greatly lowered 
during the summer, the dangers from these sources are multiplied. 
For 1) or 10 miles above Walla Walla the narrow canyon-like valley 
of Mill Creek is occupie<l somewhat thickly by farmhouses and sta- 
bles. Contamination of the city water supply from these sources is a 
constant menace. 

CONCLUSIONS. 

The results of the hasty examination of the geology of southeastern 
Washington here rei)orted on, so far as the question of artesian water 
is concerned, may be briefly summed up as follows: In the Palouse 
country there are reasons for believing that the area in which artesian 
water has been found will be broadened westward. South of Snake 
River there is no evidence that success would accompany the drilling 
of wells on the uplands. In the canyon bottoms there is a possibility 
of finding artesian water, but further than this the study of the 
geology does not offer suggestions, except of an adverse character. 
The chances of failure far outbalance the chances of success. To the 
noi-thwest and west of the Blue Mountains — more definitely, in the 
valley of the Walla Walhi westward from a line joining the towns 
Walla Walla and Milton, and possibly extending some distance into 
Oregon — the conditions are more favorable than elsewhere in Wash- 
ington south of Snake River and warrant the drilling of a test well 
should the demand for water be great. Even in this most favorable 
area, however, I should recommend the full utilization of the streams 
and the storage of the winter run-oflE before attempting to obtain arte- 
sian water for irrigation purposes. 
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AN OUTL.INE SKETCH OF THE GEOIiOGICAIi HISTORY OF 

SOUTHEASTERN WASHINGTON. 

Of the ancient geological history of Washington but little is known. 
The northern portion of the Cascade Mountains, as shown recently 
by Bailey Willis, is largely composed of metaniorphic rocks. Similar 
rocks occur about Lake Chelan and north of the Big Bend of the Co- 
lumbia and of the lower portion of Spokane River. From Spokane 
the hills formed of these metamorphic rocks extend southward along 
the Washington-Idaho boundary, and from them the mountains of 
western Idaho have been sculptured. 

The rocks just refen*ed to as l>eing of metamorphic character— that 
is, greatly changed by heat and heated solutions from their original 
condition — were in many instances of sedimentary origin, but are 
now granite, schist, quartzite, etc. The granites, however, may be 
in part of igneous origin-^that is, were once in a molten condition- 
but of this no direct evidence has been observed. The pUve^ in the 
earth's history where these rocks belong is unknown, but their crys- 
talline condition suggests that they are very old, and i)ossibly belong 
to the series termed Archean. The resemblance of metamorphic 
rocks in one region to similar rocks at a distance is an uncertain 
basis for classification, however, for the reason that strata belonging 
to widely different periods, when changed by heat and heated wat^r, 
produce granites, schists, etc., having the same characteristics. Some 
of the granites of the Pacific Coast are known to be of comparatively 
recent geological date. 

The structure of the rocks of the inetaniorphie regions of Washinu'- 
ton — that is, the positions which the rocks occupy, whether foUknl. 
contorted, broken, etc. — is not well known, although it is easily sf»^ii 
that those whieh still retain evidence of bedding, and were witlmut 
question originally in horizontal sheets, have been ui)turned and bent 
into great folds. Throughout the metamorphic region the country 
is mountainous, and much of the geological history of the region is 
recorded in their forms. The valleys have been carved out of the 
upraised mountain masses, and each dome and crest has been slowly 
fasiiioued In' rain, frost, wind, and rills into its present transient 
sha[)e. The <iepth to which th<' valleys have been excavated and the 
t'ornis of the boideiint^ hills show that- the mountains are old and 
have formed a land surface for geological ages. 

In coni])aratively recent geological times the mountains of northern 
Washington and eastei'u Idaho, although ]n-obal)ly higher and mure 
rugged than now, had their i)resent general outlines, but the central 
and southern portions of the Cascades, as well as the Coast Ranire, 
won' as yet unborn. The country south of the southward-facini: 
semicircU? of mountains, embracing the present great plain oi 
the Colurnl)ia and southeastern Washington, was low and x>ii^"tially 
submerged at times beneath the sea. This vast low-lying area, 
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together with the surrounding mountains, was clothed with varied 
and beautiful forests, resembling those of the South Atlantic States 
Sit the present day. In this valley region, which extended far south, 
there were lakes and swamps in which vegetable matter accumulated 
a.nd was later changed to coal. Some of this coal is now mined at 
Roslyn. The luxuriant vegetation, a part of which has been pre- 
served as coal, furnished food and shelter for a variety of animals, no 
near relatives of which are living at the present day. 

This age, when almost subtropical conditions prevailed, was in the 
early Tertiary. As time passed, the lakes became filled with sedi- 
ment, and much of the region sank beneath the sea. Clays and sands 
^'ere spread out which have since hardened into rock. Upheaval 
brought these once level sheets of rock above the sea and raised them 
into a mountain range — the southern Cascade. In central Washing- 
ton these early Tertiary rocks were eroded, and outbreaks of volcanic 
energy caused lava sheets to be spread over them. Fissures opened 
in the earth's crust, and molten rock was poured forth in such won- 
drous abundance that thousands of square miles of valley lands were 
inundated by the fiery floods. The lavas were similar to those poured 
out within the past few years by the volcanoes of the Hawaiian Islands 
and other regions. The molten rock was highly liquid, flowed rap- 
idly, and spread out in sheets of broad extent. On cooling, it formed 
the dense, black basalt now so familiar throughout central and south- 
eastern Washington. This is the Columbia lava, so frequently men- 
tioned on the preceding pages. 

Vast outwellings of molten rock occurred at intervals throughout 
a period embracing many hundreds and probably many thousands of 
years. The time between successive flows was sufficiently long, in 
numerous instances, to allow the surface of the cooled and hardened 
lava to crumble and decay under the action of the atmosphere and 
lorm soils on which forests of oak and pine took root and flourished. 
In some instances abundant showers of volcanic dust, similar in char- 
acter to the fine dust-like material blown out by many volcanoes in 
historic times, covered the land and buried the still erect trees. Later 
lava sheets were spread over the entombed forests, and in some locali- 
ties charred the trees and changed them to charcoal. When the trees 
were so protected by their covering of volcanic dust that they were 
not directly influenced by the heat of the lava that flowed over them, 
heated waters brought silica to them in solution, and they were changed 
to stone. The stumps of these silicified or fossilized trees, still stand- 
ing as they grew, may be seen in the sides of the canyons that streams 
have cut in the thick pile of lava sheets. The replacement of the 
wood in these buried forests by silica, usually in the form known as 
opal, was so complete that not only the grain of the wood but each 
duct and cell is preserved, and when examined in thin sections under 
the microscope it appears as perfect as the wood of a living tree. 
Lava flow succeeded lava flow until the vast valley region embraced 
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in part by the mountsbu of northern Washin^on antl ea^t^'i-ii hUilkii, 
tbouBands of eqaare miles in aztont, wna covered wit,li IinmhU Ui « 
ATerttge depth of probftbljr 8,000 or i;()00 fei^i.. Tlio rii(ilt(.-n roek 
spread widely over the lowlanda and alxxit. Ilie buiKw ut Ihe bafde^ 
ing mountains and extended np the tribnt^try vulley. Ah nhe«t lAer 
sheet yraa added the hills in t^ lovlan'ls htH-Amv burietl : outstavil- 
ing spurs of the monntains became oapes in the ttna of niott4>u twA: 
isolated mountain peaks were snrroiuiiled by tb« llery flood Mv) 
submerged, or left as Islanda rising above its aui'faee. 

This vast inandation of lava la one of ttie moHt reinnrkable and, I 
may say, one of the most dnunatio inddenta in tlie g«Kilof;i<-nI h\suay 
of XorUi America. It Is safe to assame that all th« lava [xtiinsil nut 
by volcanoes witliin historic times, if run together, would mnko lint 
asmall fraction of the maas nnderwhlch the re^on ilmiiifl hj-l)i» 
Columbia is buried. 

During the lava flows streams from tlui bordoriug mouDtnlnn awl 
ttie encroaohing sheets of molten rook, and many ^rand HiMNrtaoleE 
of conflict between water and Are might have 1>een wftm.'HMid.biH 
of the presence of man on this oontliieiit »t the time of I ti«M VMt 
eruptions we have no reooids. Some of the sheets of volcunio tng- 
menta interbedded with the lava sheetb appear to have been Tonud 
1^ the shattering and rapid oooling ot thu highly hunted riKikHlB 
coming in contact with water. 

Layers of fine, pure- white volcanic dust between t^e sheets of basalt 
show that distant volcanoes were in a state of violent emption at the 
time these deposits were made, and the wind carried the dust far »M 
wide over the land. That the dust did not come from the same erup- 
tions that supplied the basalt is shown by marked differences in 
chemical and niiueralofncal composition. The dust is an acid rock- 
that is, rich in ailica — while the basalt is basic. 

I>nring the iuter\'al8 between the lava flows lakes were formed on 
the surface of the cooled basalt and sheets of sediment were laid dom. 
Those lakes came into existence, especially about the borders of the 
lava-covorcd country, for the reason, in central and eastern Washlng- 
tim at least, that the advance of the lava was toward the monntaisBi 
and on cooling formed land surfaces which sloped gently toward the 
uplands and intercepted their streams. In some instances the )a,n 
flowed far up the valleys and gave them a nearly level floor of solid 
basalt. Sand and gravel, swept out of the mountains by swift-flowing 
streams, was spread over the lava during intervals between the fieir 
floods. Alternating sheets of basalt, sand, and clay were thns formed, 
especially about the borders of the lava-covered region, and famished 
the requisite conditions for storing water under pressure. ArtesiaD 
wells ages later were thus made possible. 

Toward the close of the long perio<l during which the lava sheets 
wcra spreml over the lowlands the lakes formed on their surfaoe 
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'became of broad extent, but were invaded from time to time by addi- 
tional layers of volcanic rock, which were buried by still younger 
lacustral deposits. At length the volcanic energy ceased and deep 
and widely extended lacustral sediments were accumulated. The 
broad lakes in which these sediments were laid down in even layers 
were pi*obably held in basins formed by the upheaval of the Cascade 
Mountains. The light-colored and evenly bedded deposits referred to 
may now be seen at the White Bluff of the Columbia, in Wenas and 
Natches valleys in Washington, and in John Day Valley in Oregon. 
Leaves of many kinds of trees and the bones of mammals occur in 
these deposits and record the fact that after the vast outpourings of 
lava came to an end the land was again forest covered and inhabited 
by many large animals, all of which are now extinct. Thick layers 
of volcanic dust interleaved with the lacustral clays and sands bear 
evidence of violent eruption in distant volcanoes. 

With the drainage of the lakes that covered large portions of the 
lava country with sands and clays, the streams from the mountains 
flowed to the sea, and were enabled to carve canyons in the hard lavas. 
At an early stage in this epoch stream-borne gravels were carried out 
onto the l>asaltic plateau, and the most resistant of the stones thus 
deposited — the hard quartzite — may still be found in many places on 
the general plateau surface between deep canyons. 

Snake River slowly carved out its channel until, at the present time, 
in the eastern flank of the Blue Mountain uplift it is an immense 
gorge some 15 miles broad at the top and about 4,000 feet deep. The 
work of stream cutting is slow. If we could study Snake River for a 
century where it flows over hard basalt, it would be difficult to deter- 
mine the depth — probably not over a fraction of an inch — that it had 
lowered its bed. The river performs this task mainly by abrasion. 
Stones and sand swept along by the current wear the rocks over which 
they pass. Basalt is dense and hard, and, although decomposing with 
comparative rapidity when exposed to the air, yields very slowly to 
mechanical wear. The task of cutting to its present depth the mag- 
nificent canyon which now excites the wonder and admiration of all 
who behold it must have required an almost infinite time, as it appears 
to us. This task has been performed, however, since the lava sheets 
were spread out over southeastern Washington, and for the most 
part since the lake beds containing the records of extinct floras and 
faunas resting on the lava were laid down. 

There are reasons for believing that the canyon of Snake River was 
excavated to its present depth before the time in the earth's history 
known as the Glacial epoch. Space will not permit of a review of all 
the fact« that lead to this conclusion, but a great gravel terrace in tlie 
canyon of Snake River and similar terraces in the canyons of Colum- 
bia and Spokane rivers show that after they were worn to their pres- 
ent depth they were filled to a height of 300 or 400 feet— 360 feet in 
the case of the Snake River below Lewiston. This filling is attributed 
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to the ovprloadiiig of the streams with debris fin-nished byglaciere 
and by swollen mountain streams. The cause of this change was cli- 
matic. During the Glacial epoch Washington and Idaho, in romiaon 
with the northern half of the continent, had a coldei- and more humid 
climate than now. The streams flowing from the mourtainaweretliiw 
enlarged, and more earth and stonett were swept into the vhannMH iif 
the main stroamn than they could transport. 

The great climatic change which canned about one-lialf of the Nortli 
American Coutiumit to be covered with glacial h-e left no recordsis 
Boutheastem Washington except those briefly referred to. Glaciem 
existed on the mountains of Idaho and Washington, but did not ioTsde 
that portion of the basaltic plateau now included within the bounilfr 
ries of Washington except locally at the northwest border of the Big 
Bend country. Tliis advance of ice f i-oni the Okanogan country acro« 
the canyon of the Columbia dammed that mighly river andcaiia^it 
to flow aci'oss the gi-eat plain of the Columbia, through Ilie remark- 
al)le gorge known an the (irand Coul^. 

Since the Glacial epoch the streamx have shrunk in volume, nwing 
to the combined elTect« of a decreiise in precipitation and an incre*w 
in the rate of evaporation, and in their weakene^l condition they have 
scarcely done more than recut their channels through the gravel ami 
sand previously deposited in them. 

The vast amonnt of work performed by Snake River previoun to the 
Glacial epoch, the halt in the task due to overloading, and the sl»« 
rate at which the weakened Ktrcam has been able to renew its task iti 
recent centuries, all indicute that the time rei^uired for excavating tlie 
canyon has been long. We have no accurate measure of this time, 
but it is safe to say that it embraced millions of years. 

The sheets of Columbia lava were essentially horizontal when they 
were spread out, and, so far as known, they wei-e not disturbed until 
after the volcanic eruptions, to which they are due, came to an enil. 
Movements in the earth's crust occurred at a later date, however, iind 
the thick series of ba.sa1tic layers were broken into blocks measuring 
many miles on their sides, and these were variously tilted. This 
breaking and tilting occurred principally to the westward. Some of 
the tilted blocks extend far up on the eastern border of the Cascade 
Mountai'is, showing that the central and southern i>ortions of that 
magnifi'-ent range have been upraised since the period when the 
Columbia lai a was pouretl out. 

In southeastern Washington the basalt has suffered but little from 
the forces producing elevations and depressions, and over oxtcusive 
areas the hardened lava is still horizontal. The portion of the lava 
forming the Blue Mountains has been elevated into a broad, low, flat- 
topped dome, on the flanks of which, so far as has been learned, the 
beds of basalt dip away gently in all directions. The movements that 
have produced these more general changes in the relief of the basalt- 
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covered country are probably still in progress, cOS is indicated by the 
manner in which Walla Walla River is grading up its valley at the 
western base of the Blue Mountains. 

The surface of the basaltic plateau, which is by far the larger part 
:>f southeastern Washington, as already stated, remained nearly hori- 
zontal, and during the vast lapse of time that witnessed the excavation 
Df Snake River Canyon slowly yielded to the destructive influences of 
tihe air and of percolating waters and crumbled to a porous soil. The 
3epth of the products of disintegration and decay is in many places 
30 to 80 feet. In fact, over hundreds of square miles the average 
iepth of the fine, yellowish, dust-like material forming the surface 
layer of rich agricultural districts is as great as the amount just stated. 

The surface of the nearly level plateau has been roughened by 
jti^eam erosion, but its plateau character not destroyed. Numerous 
level-floored valleys without stream channels bear evidence that the 
rainfall was formerly more abundant than now. The stream-cut can- 
yons and valleys have been partially filled with fine soil, washed from 
bhe adjacent hills or blown from the uplands by the wind. The minor 
topographic features of the plateau, although due in the main to 
s^tream erosion, have been modified to an appreciable and sometimes 
bo a marked extent by the action of the wind. 

It is from the soil formed by the slow disintegration and decay of 
basaltic rocks that the millions of bushels of wheat raised each year 
in eastern Washington are obtained. The sending of wheat from 
bhe State of Washington to the famishing people of India, which has 
recently been done, is rendered possible because ages ago volcanic 
rocks capable of furnishing a wonderfully rich soil inundated the 
Tertiary' lowlands where now *' rolls the Oregon." The splendid 
water power at SiK)kane and the marvelous growth of that charming 
city can be traced to a climatic change which caused the valley in 
which it is situated to become deeply filled with stream deposited 
gravel. When the bright, swift-flowing waters were enabled to clear 
out their channel, I hey did not rediscover their former course at all 
points, but cut across rocky spurs projecting from the sides of the old 
valley. One such occurrence gave Spokane its beautiful cascade. 
Many other illustrations of the influence of events in the geological 
and geographical history of Washington which bear directly on the 
industrial and intellectual development of the present generation 
might be cited. 

In closing this report of a hasty reconnoissance, I wish to state that 
the studies thus far made of the geology of Washington show that it is 
not only one of the most interesting States in the Union to the geolo- 
gist and geographer, but that it is also rich in mineral and other 
resources. 
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